This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


■■IMMM 


WORKS 


OP   THE 


CAVENDISH     SOCIETY, 


FOUNDED    1846. 


HAND-BOOK 


OF 


CHEMISTS  Y, 


BY 

LEOPOLD    GMELIN, 

PROFKSSOK  or  CnXXISTEY  IN  THX  UNTVX&8ITT  Or  HXIDXLBX&Q, 

AVO  MXMBKft  or  VAM0U8  LEARNED  SOCIETIES  IN  BERLIN,  BONN,  CATANIA,  DRESDEN,  VREIBURO, 

rRANKFORT,  G^TTINOEN,  HALLS,  HAKBURO,  HANAU,  HEIDELBERG,  JA8ST,  LONDON, 

XARBURO,  MUNICU,  PARIS,  PETERSBURGH,  VIENNA,  AND  IHB   flliim^U. 

(.3  :-  \ 

VOL.  V.  \ 

M   E   T  A  li   "^  —  (cmtiim* 

TSANSI.ATED  BT 

HENRY  WATTS,   B.A..  F.C.S. 

ASSISTANT    IN     TUE    BIRKBECK     LABORATORY,     UNIVERSITY     COLLEGE,    LONDON. 


LONDON: 
PRINTED  FOR  THE  CAVENDISH  SOCIETY. 


MDCCCLI. 


LONDON: 
PRINTSD    BT    HARRISON    AND    SON, 

ST.  martin's  lank. 


CONTENTS  OF  VOL.  V. 


Metals  (continued)* 

Pago 

Chapter  XXVIII.  ZINC. 

Memoirs,  &c.  relating  to  Zinc  ^..                ....  ,„.                ....        I 

History. — Sources. — Preparation        ....  ....                ....                  1 

Purification             ....                 ....                 ....  ....                 ^^        2 

Properties    ....                 ....                ....  ....                ,...                  4 

Compounds  or  Zinc. 

Zinc  and  Oxygen. 

Suboxide  of  Zinc  ?     ....                ....  ....                ....        4 

Zinc-oxide. — ZnO.              ....  ,.„                ....                  6 

Hydrate  of  Zinc-oxide          ....  ....                ....       11 

Zinc-salts.                     ....  ,.„                 ....                 12 

Peroxide  of  Zinc ....  ....                ....      13 

Zinc  and  Hydrogen. 

Hydride  of  Zinc.                 ....  ....         ^      ....                13 

Zincurctted  Hydrogen  gas  ?         ....  ....                ....      13 

Zinc  and  Carbon. 

Carbide  of  Zinc  ?                  ....  ....                ....                 13 

Carbonate  of  Zinc-oxide                ....  ....                ..^      13 

a.  Octobasic— 5.  Quadrobasic ....                14 

0.  With  2  At.  acid  to  5  At  base  ....                 ....       14 

d.  Bibasic— e.  Monobasic  ....                ....                16 

^  Manganiferous  Zine-tpar    ....  ....                 ..••       IG 

^  Ferruginous  Zinc-spar;  Kapnite  9  ....                 16 

f.  Acid  salt        ....                ....  •••*                •••• 

Zinc  and  Boron. 

Borate  of  Zinc-oxide           ....  ....               «...               17 

Zinc  and  Phospboms. 

Phosphide  of  Zinc         ....            ....  ....                •..•       17 

Hypophosphite  of  Zinc-oxide  ....                ....                17 

Phosphite  of  Zinc-oxide               ....  ....               ....      17 

TOL.  T,  a 


VI  CONTENTS. 

Page 
Ordinary  Phosphate  of  Zinc-oxide. 

a.  Triphosphate ....                 ....  ....                 ....       17 

b.  Diphosphate. — c.  Acid  Phosphate  ....                IB 

Pyrophosphate  of  Zinc-oxide        ....  ....                 ....       18 

Metaphosphato  of  Zinc-oxide  ....                 ....                 18 

Zinc  and  Sulphur. 

Sulphide  of  Zinc        ....                 ....  ....                ....       19 

Uydrated  Sulphide      ....  ....                 ....                 20 

Oxjrsulphide  of  Zinc  ....                 ....  ....                 ....      20 

Hyposulphite  of  Zinc-oxide ....  ....                 ....                21 

Tetrathionato  of  Zinc-oxide          ....  ....                ....      21 

Trithionate  of  Zinc-oxide    ....  ....                 ....                21 

Sulphite  of  Zinc-oxide....                ....  ....                ....      21 

Uyposulphate  of  Zinc-oxide  ....                 ....                22 

Sulphate  of  Zinc-oxide. 

a.  Octobasic— 5.  Sexbasic— c.  Quadrobasic  ....      22 

d.  Dibasic  ....                 ....  ....                 ....                 23 

e.  Monobasic       ....                 ....  ....                ....      23 

a.  Mono-hydrated       ....  ....                    ....                   24 

j3.  Bibydratcd.— y.  With  3|  At.  wmter, — d'  Pent«phydnted  26 

f.  S€x-hydrated.— f.  llcpta-llydrated.  ....                    26 

/.  Bisulphate       ....                ....  ....                 ....      26 

Sulphocarbonate  of  Zinc     ....  ....                 ....                26 

Sulphide  of  Phosphorus  and  Zinc  ....                ....      26 

Zinc  and  Selenium. 

Selenide  of  Zinc                  ....  ....                ....                27 

Hydrated  Selenide                ....  ....                ....      27 

Selenite  of  Zinc-oxide. 

a.  Monosclenite.»6.  Bitelenite.— If  e,  QoadroMlenite        27 

Seleniate  of  Zinc-oxide                 ....  ....                ....      28 

Zinc  and  Iodine. 

Iodide  of  Zinc  ....                 ....  ....                 ....                 28 

Ilydriodate  of  Zinc-oxide     ....  ....                ....      28 

Oxy-iodide  of  Zinc              ....  ....                ....                28 

Ilydriodite  of  Zinc-oxide      ....  ....                ....      29 

Iodide  of  Zinc-oxide  ?          ....  ....                 ....                 29 

lodate  of  2^c-oxide  ....                ....  ....                ....      29 

Zinc  and  Bromine. 

Bromide  of  Zinc                  ....  ....                .. .               29 

Ilydrobronmte  of  Zinc-oxide....  ....                ....      29 

Bromato  of  Zinc* oxide        ....  ....                 ....                30 

Zinc  and  Chlorine. 

Chloride  of  Zinc         ....                 ....  ....                 ....       30 

Ilydrochlorate  of  Zinc-oxide  ....                ....               31 


vii 

Page 
31 
32 
32 
33 


....       33 

33 

....       33 

33 

■  iAilrobasic— c.  Monobasio  ....      34 

iiia  {/Ancate  of  Ammonia)     ....  36 

'..■  .ind  Ainmonia^          ....  ....      36 

.a  Zinc!                ....                ....  36 

cf  Zinc-oxide  and  Ammonia  ....      36 

'. i I ic-oxide  and  Ammonia             ....  37 

/iiic-oxido  and  Ammonia    ....  ....      37 

Ipliiteof  Zino-oxide    ....                ....  37 

lilliliatc  of  Zinc-oxido             ....  ....      37 

iiL'-sulpliate  with  Ammonia               ....  37 

■;L--su]pliate  with  Ammonia, 

r  2(ZnO;SO').— 4.  2Nn'  +  ZnO,SO'  ....      38 

.ZnOSO'       ....               ....               ....  39 

>'  Zinc-oxide  and  Ammonia            ....  ....      39 

-iudideof  Zinc     ....                ....                ....  40 

:'  Zinc  and  Anmionium    ....                ....  ....      40 

lirj-iodate  of  Zinc-oxide              ....               ....  40 

•ii(>-bromideof  Zinc            ....                ....  ....      40 

•II io-bromate  of  Zinc-oxide           ....                ....  40 

i.onio-chloride  of  2Snc. 

n,  2NH»;ZnCL— ft.  NH'.ZnCJL-c.  NH%2ZnCl  ....      41 

oride  of  Zino  and  Ammonium          ....               ....  42 

aid  Potassiam. 

\  Hoy  of  Zinc  and  Po^ssium        ....               ....  ....      42 

/.inc-oxide  with  Potash  (Zificato  of  PotoiA)               ....  43 

Carbonate  of  Zinc-oxide  and  Potash               ....  ....      43 

Sulphate  of  Zinc-oxide  and  Potash        ....               ....  43 

Iodide  of  Zinc  and  Potassiom          ....            ....  ....      44 

flMHde  of  Zinc  and  Potassinm            ....               ....  44 

f           *ofZinoandPotassiam   ....               ....  ....      44 

'  limn. 

inc  and  Sodium  ....               ....               ....  44 

with  Soda  (Zineato  qfiSWa)           ....  ....      44 

f  Zinc-oxide  and  Soda         ....               ....  45 

withEluxea                ....                ....  ....      45 

iOno-aside  and  Soda          ....              ....  45 

a2 


CONTENTS* 


Iodide  of  Zinc  and  Sodiuin    ..,«  ....  ....  45 

Chloride  of  Zinc  and  Sodium         ....  •«.«  ....      46 

Zinc  and  Barium. 

Iodide  of  Zinc  and  Boriom  .  ,  .*,«  «•<•  45 

Zinc  and  Magnesium. 

Bulplinte  of  Zinc-oxide  and  Jlagnesla  ....  *.»      4f 

Zinc  aud  Aluminum. 

A  km  innte  of  Zinc-oxide      .,..                 ....  •*«•                46 

Sulphate  of  A liunin a  and  Zinc-oxide;  Zinc-alum  ,.»      46 

Fluoride  of  Alutnimim  and  Zinc             *,..  ....                46 

Zinc  and  Silicium. 

Silicate  of  Zinc-oxide :  Zttwglance  ..♦.                 ....       4fl 

Il^drofluaie  of  Silica  and  Zinc-oxide  ....                 ....                 47 

Silicate  of  Zinc-oxide  and  Potaafi     ..,.  ....                 ....       47 

Zinc  and  Tungsten. 

Tungstate  of  Zinc-03Lide       ....  ....  ....  47 

SulpliotnngfitatoofZinc:  Zn8,WS*  ,.,.  ....      47 

Zinc  and  Molybdenum. 

Molybdate  of  Zinc^oxide  ,..,  ....  •«.«  47 

Snlphomolybdatc  of  Zinc     ....  ....  ....  47 

Persulphoniolybdate  of  Zinc  ,.„  ....  ....  47 

Molybdate  of  Zinc-oxide  aud  Ammonia,  and  if  oly bdato 

of  ZinC'Oxide  and  Potash  ....  ....  46 

Zinc  and  Vanadium. 

Vanadiate  of  Zinc-oxide, 

a,  Jlonovanadiate. — ft,  Bivanadiate         ....  „„      46 

Zinc  and  Chromium. 

Chromale  of  Zinc-oxide. 

a.  Dichromate.— £«  ^fonocbromate  ..«*  48 

Chromate  of  Zinc-oxide  and  Potash  ...  ..».      48 

Zinc  and  Uranium. 

Uranate  of  Ziuc^xide  .<..  ....  •»•  49 

Zinc  and  Manganese. 

Permanganate  of  Zinc-oxide        ....  ....  •*.*      4t 

Zinc  and  Arsenic. 

AnemdeofZino  ...  ....  ....  41 

Aneniaia  of  Zinc-oxide. 

a.  Trii-arteniate. — 6,  Acid  ialt  ....  ....      49 

Hjrpoialphar»eiiile  of  Zino  .,.. 
SulpharBcnitc  of  Zinc..., 
SuJpharaeniate  of  Zino 
Aneuiate  of  ZinoHSxide  with  Ammonia 


UOWTJSNTS. 

IX 

Zinc  and  Antimony. 

Page 

Andmonide  of  Zinc 

50 

Antinioniate  of  Zinc-oxide 

....       50 

50 

Zinc  and  Tellurinm. 

Tellaride  of  Zinc 

....       51 

Tellurite  of  Zinc-oxide       ....                 ....                 ....                51 

Sulpliotellurite  of  Zinc— SZnSyTeS' 

...,       51 

Zinc  and  Bismnth. 

Alloy  of  Zinc  and  Dimnutk ! 

51 

Other  Compounds  of  Zinc 

....       51 

Chapter  XXIX.    CADMIUM. 

....       52 

Pttyperties     ....                ....                •...                «... 

53 

CoMFOUKDS  or  Cadmium. 

Cadminm  and  Oxygen. 

Suboxide  of  Cadmium !                 ....  ....                ....      03 

Cadmic  Oxida— CdO          ....  ....                 ....                M 

Hydrate  of  Cadmic  Oxide     ....  ....                ....      54 

Cadmic  Salts                ....  ....                ....                65 

Cadminm  and  Carbon. 

Carbonate  of  Cadmic  Oxide          ....  ....                ...,      55 

Cadmium  and  Boron. 

Borate  of  Cadmic  Oxide         ....  ....            ....                56 

Cadmium  and  Phosphorns. 

Phosphide  of  Cadmium                  ....  ....                ...,      56 

Hypophosphite  of  Cadmic  Oxide  ....                ....                56 

Phosphite  of  Cadmic  Oxide           ....  ....                ....      56 

Ordinary  Phosphate  of  Cadmic  Oxide  ....                ....                56 

^  Pyrophosphate  of  Cadmic  Oxide  ....                 ....      56 

Metaphosphate  of  Cadmic  Oxide  ....                ....                57 

Cadmium  and  Sulphur. 

Sulphide  of  Cadminm  (Greenoekiie)  ....                 ....       57 

Sulphite  of  Cadmic  Oxide    ....  ....                ....                58 

Hyposulphate  of  Cadmic  Oxide....  ••••                ....      58 

Sulphate  of  Cadmic  Oxide. 

a.  Disulphate. — b.  Monosulphate  ....                 ....                58 

Sulphocarbonate  of  Cadmium       ....  ....                ....      58 

Cadmium  and  Selenium. 

if  Selenite  of  Cadmic  Oxide  ....                ....               59 


Page 
5J 


».  1 
» -) 

14 

♦I 

>'{ 


^\^ 


9    % 


CONTENTS,  XI 

Page 

Sulphomolybdate  of  Cadmium                ....  ••..                65 

Persulphomolybdate  of  Cadmiam  ....  ....                ....    05 

Cadmium  and  Vanadium. 
Yanadiate  of  Cadmic  Oxide. 

a,  Monovanadiate.— 6.  Bivanadiate  ....               65 

Cadmium  and  Arsenic. 

Sulpharsenite  of  Cadmium            .^  ....                ....      65 

Sulpharseniate  of  Cadmium                    ....  ....                66 

Cadmium  and  Antimony. 

Sulphantimoniate  of  Cadmiam      m*.  ....                 ....      06 

Cadmium  and  Tellurium. 

Sulphotellurite  of  Cadmium                   ....  ....                66 

Other  Compounds  of  Cadmiam      ....  ....               ....      66 

Chapter  XXX.    TIN. 

Memoirs,  &c.,  relating  to  Tin            ....                ....  ....                66 

History. — Sources ....                 ....                 .,.,  ....                 ....       66 

Preparation  on  the  large  scale. — Properties          ....  ,.•#               67 

Compounds  of  Tin. 

Tin  and  Oxygen. 

Stannous  Oxide — SnO                  .».  ....                ...•      68 

Ilydratc  of  Stannous  Oxide             ....  ....                69 

Salts  of  Stannous  Oxide,  or  Stannous  Salts                ....      69 

Oxides  of  Tin  intermediate  between  SnO  and  SnO*. 

a.  Sesquioxide. — Sn'O'                   ....  ....                 70 

6.  Anomalous  Stannate  of  Stannic  Oxide  ....      71 

Stannic  Oxide.— Stannic  Acid. — SnO*  ....  ....                71 

Anomalous  Hydrate  of  Stannic  Acid  ....                ....      73 

Ordinary  Hydrate  of  Stannic  Acid ..«  •«•                 74 
Salts  of  Stannic  Oxide,  or  Stannic  Salts. 

a.  Anomalous  Stannic  Salts  ....                ....      74 

/3.  Ordinary  Stannic  Salts       ....  ....                75 

Salts  of  Stannic  Acid ;  Stannates. 

a.  Anomalous  Stannates  ....               ....      76 

/3.  Ordinary  Stannates ....               76 

Tin  and  Boron. 

Borate  of  Stannous  Oxide  ....               .m«  .m.               77 

Tin  and  Phosphorus. 

Phosphide  of  Tin       ....                ....  ....                ....      77 

Phosphate  of  Stannous  Oxide                 „„  mw               77 

Phosphite  of  Stannic  Oxide          ....  ....                .m.      77 

Phosphate  of  Stannous  Oxide               «...  ..^               78 


CONTENTS. 

Page 
Gadmiam  and  Iodine. 

Iodide  of  Cadmium              ....                ....  ....                59 

lodate  of  Cadmio  Oxide               ....  ....                ....      59 

Cadmiam  and  Bromine. 

Bromide  of  Cadmimn          ....                ....  ....                59 

Hydrobromate  of  Cadmic  Oxide  ....                ....      60 

Bromate  of  Cadmio  Oxide  ....               ....  ....               GO 

Cadmiam  and  Chlorine. 
Chloride  of  Cadmium. 

Hydrochlorate  of  Cadmic  Oxide  ....               ....      60 

Perchlorate  of  Cadmic  Oxide                ....  ....               60 

Cadmiam  and  Fluorine. 

Fluoride  of  Cadmium....               ....  ....                ....      61 

Cadmiam  and  Nitrogen. 

Nitride  of  Cadmium  I          ....                ....  ....                61 

Nitrate  of  Cadmic  Oxide              ....  ....                ....      61 

Animoninca!  Osido  of  Cadmiam            ....  ....                61 

AmujoiuD-byposulplmte  of  Cadmic  Oxide  ....                ....      61 

Ammonio^ulpbaie  of  Cadmic  Oxide     ....  ....                62 

Ammonio-iodide  of  Cadmium        ....  ....                ....      62 

Ammonlo-bromide  of  Cadmium             ....  ....                62 

Ammouio-Uromate  of  Cadmic  Oxide  ....                ....      63 

Ammo Eiio^hlorlde  of  Cadmium             ....  ....                63 

Chloride  of  Cadmium  and  Ammonium    ,  ....                ....      63 

Cadmiam  and  Potassium. 

Sulphate  of  Cadmic  Oxide  and  Potash  ....  .^               63 

Iodide  of  Cadmium  and  Potassium  ....                ....      64 

Bromide  of  Cadmium  and  Potassium    ....  ....                64 

Chloride  of  Cadmium  and  Potaasiam  ....                ....      64 

Cadmium  and  Sodium. 

Cadmium,  with  Fluxes        ....  ....                64 

Chloride  of  Cadmiam  and  Sodium  ....                ....      64 

Cadmium  and  Calcium. 

Iljpophosphito  of  Cadmic  Oxide  and  Lime  t  .^               64 

Cadmium  and  Silicium. 

Hydrated  Silico-fluoride  of  Cadmiam  ^  ....                ....      64 

Cadmiam  and  Tungsten. 
Tungstate  of  Cadtnie  Oxide. 

a.  Monotnngstate.^A.  Bitungstato  ....                65 

Sttlphostung^tatfl  of  Caflmiutn.-^Cds^WS*  ..„                ....       65 

Cadmium  and  Molybdonuin. 

Molybdate  of  Cadmic  Oxide                  ...i  ....                65 


CONTENTS,  xi 

Page 

Sulphomolybdate  of  Cadmium               ....  ....               65 

Persulphomolybdate  of  Cadmiom  ....  ....                ....    05 

Cadmium  and  Vanadium. 
Yanadiate  of  Cadmic  Oxide. 

a.  Monovanadiate. — 6.  Bivanadiate  ....               65 

Cadmiam  and  Arsenic. 

Bulpharsenite  of  Cadmium           .^  ....                ....      65 

Sulpharseniate  of  Cadmium                   ....  ...,                66 

Cadmium  and  Antimony. 

Sulphantimoniate  of  Cadmium      m*.  ....                ....      66 

Cadmium  and  Tellurium. 

8nlphoiellurite  of  Cadmium                  ....  ....               66 

Other  Compounds  of  Cadmium      ....  ....              ....      66 

Chapter  XXX.    TIN. 

Memoirs,  &c.,  relating  to  Tin            ....                ....  ....                66 

History. — Sources ....                ....                 ,.,.  ....                ....      66 

Preparation  on  the  large  scalow — ^Properties         •...  ,.•#               67 

Compounds  of  Tin. 

Tin  and  Oxygen. 

Stannous  Oxide — SnO                  »..  ....                ....      68 

Hydrate  of  Stannous  Oxide             ....  ....                69 

Salts  of  Stannous  Oxide,  or  Stannous  Salts  ....      69 

Oxides  of  Tin  intermediate  between  SnO  and  SnO'. 

a,  Sesquioxide. — Sn'O®                   ....  ....                 70 

5.  Anomalous  Stannate  of  Stannic  Oxide  ..^      71 

Stannic  Oxide.— Stannic  Acid. — SnO*  ....  ....                71 

Anomalous  Hydrate  of  Stannic  Acid  ....                ....      73 

Ordinary  Hydrate  of  Stannic  Acid.^  •,.                 lA 
Salts  of  Stannic  Oxide,  or  Stannic  Salts. 

a.  Anomalous  Stannic  Salts  ....                ....      74 

/3.  Ordinary  Stannic  Salts       ....  ....                75 

Salts  of  Stannic  Acid ;  Stannates. 

a.  Anomalous  Stannates  ....               ....      76 

/3.  Ordinary  Stannates ....               76 

Tin  and  Boron. 

Borate  of  Stannous  Oxide  ....               ....  •..•               77 

Tin  and  Phosphorus. 

Phosphide  of  Tin       ....                ....  ....                ....      77 

Phosphate  of  Stannous  Oxide                 ....  ..^               77 

Phosphite  of  Stannic  Oxide          ....  ....                .m.      77 

Phosphate  of  Stannous  Oxide               ....  ..-              78 


XU  CONTENTS. 

Tin  and  Sulphur.  ^* 

Stannous  Sulphide,  or  Snlphostannons  Acid.— SnS  ..^  73 

Ilydrosulphate  of  Stannous  Oxide  ....  ,..,                73 

Sesquiflulphide  of  Tin.--Sn*S'      ^^                 ....  ..„      79 

Ilydrated  Sesquisulphide                 ..^  ,..,                 79 
Stannic  Sulpliide,  or  Sulphostannic  Acid. — SnS'. 

Bi-hydrosulphate  of  Stannous  Oxide  ....                80 

Tetrathionate  of  Stannous  Oxide....                ....  „„      81 

Hyposulphite  of  Stannous  Oxide           ....  ....                81 

Sulphite  of  Stannous  Oxide          ....                ....  ....      81 

if  Hyposulphate  of  Stannous  Oxide?         ....  ....                81 

Sulphate  of  Stannous  Oxide. 

a,  Basic  Sulphate. — b.  Monosulphate       ....  ....      81 

Sulphate  of  Stannic  Oxide. 

a.  Ordinary. — b.  Anomalous          ....  ....                82 

Stannous  and  Stannic  Sulphocarbonates         ....  ....      82 

Tin  and  Selenium. 

Bolenide  of  Tin          ....                ....                ....  ....      82 

Selcnite  of  Stannic  Oxide  ....                ....  ....                82 

Tin  and  Iodine. 

'  Stannous  Iodide,  or  lodostannous  Acid. — SnI  ....      82 

^  Stannic  Iodide,  or  lodostannic  Acid. — SnI*  ....                8S 

Htannous  and  Stannic  lodatcs       ....               ....  ^^      83 

Tin  and  Droinino. 

HUwnouM  Bromide,  or  Bromostannous  Acid. — SnBr....  84 

Hydrohromate  of  Stannous  Oxide           ....  ....      84 

Stannic  Bromide,  or  Broraostannic  Acid. — SnBr'  ....               84 

Bromato  of  Stannous  Oxide          ....                ....  ....      84 

Tin  and  Chlorine. 

HtannouN  Clilorido,  or  Chlorostannous  Acid. — SnCl ....  84 

Mono-hydrochlorate  of  Stannous  Oxide ;  Tin^tali     ....       85 

irydrated  Stannous  Oxychloride.— SnCl,SnO  +  8 Aq.  87 

Ilydrochlorate  of  Sesquioxide  of  Tin               ....  ....      87 

Stannic  Chloride,  or  Cblorostannic  Acid. — SnCl'. 

Crystallized  Ilydrochlorate  of  Stannic  Oxide  ....                88 

Aqueous  Ilydrochlorate  of  Stannic  Oxide. 

a.  Ordinary. — b.  Anomalous              ....  ....      89 

Stannic  Chloride  with  Sulphur  and  Pliosphonis  ....                 89 

OiloroMtannate  of  Pbosphuretted  Hydrogen    ....  ....      89 

Stannic  Chloride  with  Terchloride  of  Phosphoms  ....                90 

OiU/rowulphide  of  Tin.— SnS*,2SnCl"                 ....  ....    90 

iSUUmde  of  Sulphur  and  Tin                   ....  ....                 90 

Swlpbate  of  Stannic  Chloride         ....                 ....  ....      91 

^  l^^hloride  of  Tin.— SnCl,SnI             ....  ....                91 

nb  m»4  Fluorine. 

MfinSiukte  of  Stannous  Oxide              ....  ....                92 

i>/irii»itt  of  Stannic  Oxide       ....              ....  ....      92 


CONTENTS.  xm 

Page 
Tin  and  Nitrogen. 

Nitrate  of  Stannous  Oxide  ....                ....  ....                92 

Nitrate  of  Stannic  Oxide              ....                ....  ....      92 

Nitric  Oxide  with  Stannic  Chloride       ....  ....                93 

Stannate  of  Ammonia                   ....                ....  ....      93 

Sulphostannate  of  Ammonium               ....  ....                93 

Ammonio-protiodide  of  Tin. — ^2NH',8nI        ....  .„,      93 

lodoetannite  of  Ammonium. — ^NH^I,2SnI  ....                93 

Ammonio-protochloride  of  Tin. — NH^2SnCl ....  •.,.      93 

Ammonio-bichloride  of  Tin.— NH»,8nCl'  ....                93 

Chlorostannite  of  Ammonium . — NHHin,  SnCl  +  Aq.  ....      94 

Chlorostannate  of  Ammonium ;  Pinksalt, — Nll*Cl^nCl*  94 

Hydrochlorate  and  Stannite  of  Ammonia       ....  ....      95 

Nitrate  of  Stannic  Oxide  and  Ammonia....  ....                95 

Tin  and  Potassium. 

Alloy  of  Tin  and  Potassium          ....                 ....  ....      95 

Stannite  of  Potash               ....                ....  ....                95 

Stannate  of  Potash. 

a.  Ordinary  Stannate. 

a.  Monostannate  ....                ....  ....                95 

/3.  Acid  Salt                   ....                 ....  ....      96 

b.  Anomalous  Stannate ;    Fremy*8  Metastannate  of 

Potash                  ....                 ....  ....                96 

•    Sulphostannate  of  Potassium. — KS,Sn,8*       ....  ....       96 

lodostannite  of  Potassium.— KI,2SnI  J...  ....                97 

Chlorostannite  of  Potassium.— 2KCl,SnCl  +  3  Aq. 

Chlorostannate  of  Potassium.— KCl,SnCl»       ....  ....      97 

Hydrochlorate  and  Stannite  of  Potash  «...  ....                98 

Tin  and  Sodium. 

Alloy  of  Tin  and  Sodium             ....                ....  ....      98 

Stannite  of  Soda                  ....                ....  ... .                98 

Stannate  of  Soda :  a.  Ordinary. — b.  Anomalous  ....      98 

Sulphostannate  of  Sodium  ....                 ....  ....                98 

lodostannite  of  Sodium                 ....                ....  ....      98 

Chlorostannate  of  Sodium   ....                ....  ....                98 

Hydrochlorate  and  Stannite  of  Soda               ....  ....      99 

Tin  and  Barium. 

Stannate  of  Baryta              ....                ....  ....                99 

Sulphostannate  of  Barium            ....                 ....  ....      99 

lodostannite  of  Barium       ....                 ....  ....                99 

f  Chlorostannite  of  Barium.- BaCl,  SnCl  +  4Aq.  ....      99 

4  Chlorostannateof  Barium.— BaCl,  Sna*  +  5Aq 99 

Hydrochlorate  and  Stannite  of  Baryta            ....  ....      99 

Tin  and  Strontium. 

Stannate  of  Strontia            ....                 ....  ....                99 

Sulphostannate  of  Strontium         ....                ....  ....       99 

lodostannite  of  Strontium  ....                ....  ....                99 


Xiv  CONTENTS. 

Page 
^  Chlorostannite  of  Strontium.— SrCl^nCl + 4  Aq. 

^  Chloroetannate  of  Strontium.— SrCl,SnaH6Aq.  ....      99 

HydrochlorateandStanniteof  Strontia....  ....               99 

Tin  and  Calciom. 

Stannate  of  Zinc        ....                •"•  ••••       '        ••••    ^^ 

SulphoBtannate  of  Calcium....                ....  ....              100 

Tin  and  Magnesiam. 

Stannate  of  Magnesia....                ....  .-.               — *     ^00 

^  Chloroetannate  of  Magnesium.— MgCi;3na"+6Aq. ....  100 

Hydrochlorate  and  Stannite  of  Magnesia  ....               --    100 

Tin  and  Silicinm. 

SilicideofTin  ....                ....                ....  ....              100 

SilicofluorideofTin  ....                ....  ....                ....     100 

Tin  and  Tungsten. 

Tungstate  of  Stannous  Oxide                ....  ....              100 

BtAnnouii  Sulphotungstatc.— SuS,  WS*  ....                ....    101 

Stannic  Sulphotung8tate.—Sn8SWS'   ....  ....              101 

Tin  and  Molybdenum. 

Molybdate  of  Stanmc  Oxide        ....  ....               ....    101 

Stannous  Biilphomolybdato ....               ....  ....        •      101 

Stannic  Sill phomolybdate             ....  ....               .-.     101 

BtannouH  F^nulphomolybdatd               ....  m^             101 

Stannic  Fersulphomolybdato        ....  ....                ....     101 

Tin  and  Chromium. 

Stannate  of  Chromic  Oxide  ?                 ....  ....              101 

Chromate  of  Stannous  Oxide        ....  ....                ...     102 

Chromato  of  Stannic  Oxide                   ....  ....              102 

Tin  and  Manganese. 

Stannate  of  ^langanous  Oxide     ....  ....               ....     102 

Tin  and  Arsenic. 
Arsenide  of  Tin. 

Arscnito  of  Stannic  Oxide>  or  Arseniate  of  Stannous  Oxide!   102 

Stannous  ^uipiiiLrsLtKha                  ....  ....                  ....     102 

Sbuinjc  SuIphsfBenite         ....               ....  ....             102 

StsunivDs  Bolphorteniato  ....               ....     103 

Stannie  SulpharsenSat^        ....               ....  ....              103 

Bichloride  of  Tin  with  Terchloride  of  Arsenic  ....     103 

Tin  and  Antimony. 

Antiinonidc  of  Tin                ....                 ....  ....               103 

Aiitimoniatc  uf  Stannic  Oxide      ....  ....                ....     103 

Stanuoub  Sulphautimouiato....                ....  ....              lOi 


CONTENTS.  »r 

Page 
Tin  and  Tellurium. 

TellurideofTin          ....                ....  ....                ....    104 

Btaxmous  Sulpothellarite     ...«  ....                ....              104 

Stannic  Sulphotellurite                 ....  ....                ....     104 

Tin  and  Bismuth. 

Alloys  of  Tin  and  Bismuth ....  ....                ....              104 

Alloy  of  Antimony,  Bismuth  and  Tin  ....                ....     104 

Tin  and  Zinc. 

Alloys  of  Tin  and  Zinc        ....  ....                ....              106 

Stannate  of  Zinc-oxide                 ....  ....                ....     105 

Other  Compounds  of  Tin    ....               ....  ....              106 


Chapter  XXXL    LEAD. 

Memoirs,  &c.— History. — Sources               ....  ....                ....     105 

PreparatioD  on  the  large  scale.— Purification.^Properties      ....  106 

Compounds  of  Lead. 

Lead  and  Oxygen. 

SuhoxideofLead.— Pb«OI           ....  ....                ....     107 

Lead-oxide.—PbO              ....                ....  ....              108 

Hydrate  of  Lead-oxide          ....  ....                ....     113 

Aqueous  Solution  of  Lead-oxide     ....  ....              114 

Lead-salts....                 ....                ....  ....              115 

Red  Oxide  of  Lead.— Pb«0'         ....  ....                ....    118 

SesquioxideofLead?— Pb'O^                 ....  ....               120 

Peroxide  of  Lead.— PbO*             ....  ....                ....    120 

Lead  and  Carbon. 

Carbide  of  Lead!                  ....                 ....  ....              122 

Carbonate  of  Lead-oxide. 

a.  Bibasic  Carbonate              ....  ....                 ....     122 

b.  Sesquibasic  Carbonate:  WMie  Lead  ....                  123 

c.  Monobasic  Carbonate :  Lead-spar  ....                ....     126 

d.  Five-fourths  Carbonate   ....                ....  ....                  127 

e.  Acid  Carbonate        ^         ....  ....                ....     127 

Lead  and  Boron. 

Borate  of  Lead-oxide           ....                ...«  ....              128 

Lead  and  Phosphorus. 

Phosphide  of  Lead     ....                ....  ....                ....     128 

Hypophosphite  of  Lead-oxide                 ..«.  ....              128 

Phosphite  of  Lead-oxide. 

a,  Qnadrobasio.— ^,  Bibaaic  ...,  ,...               ....    129 


XVI  CONTENTS. 

Page 

Phosphate  of  Lead-oxide. 

a,  Terbasic. — b.  Bibasic                  ....  . ..              l3o 

c.  3  At.  Acid  to  4  At.  Base.— rf.  With  excess  of  Acid      131 

Pyrophosphate  of  Lead-K>xide,                ....  ....              131 

Metaphosphate  of  Lead-oxide       . ..  ....                ....     131 

Lead  and  Sulphur. 

One-fourth  Sulphide  of  Lead                 ....  ....              I32 

Bisulphide  of  Lead     ....                ....  ....                 ....     132 

Protosulphide  of  Lead :  Gai^na              ....  ....               132 

PentasuIphideofLead                  ....  ....                ....     134 

Hyposulphite  of  Lead-oxide                   ....  ....               136 

Tetrathionate  of  Lead-oxide         ....  ....                ....     135 

Trithionate  of  liCad-oxide  ....                ....  ....              135 

Sulphite  of  Lead-oxide                  ....  ....                ....     135 

Hyposulphato  of  Lead-oxide. 

a,  Terbasic. — b,  Bibasic  I — c.  Monobasic  ....              135 
Sulphate  of  Lead-oxide. 

a.  Basic. — b.  Monobasic  :  Lead-vitriol  ....                 ....     136 

Sulphate  and  Carbonate  of  Lead-oxide  :  LeadhiiiUe,.,.  136 

Sulphocarbonate  of  Lead     ....                ....  ....              136 

Lead  and  Selenium. 

Selenide  of  Lead        ....                ....  ....                ....     139 

Selenite  of  Lead-oxide. 

a.  Basic. — b.  Monobasic                   ....  ....               139 

Seleniate  of  Lead-oxide                ....  ....                ....     140 

Lead  and  Iodine. 

Iodide  of  Lead ....                ....                ....  ....               140 

Oxy-iodido  of  Lead. 

a.  PbI,PbO        ....                ....  ....                ....     141 

b.  PbI,2PbO                ....                 ....  ....               142 

Iodide  of  Lead  and  Hydrogen      ....  ....                 ....     142 

Basic  Period itc  of  Lead-oxide  ? 

a.  Bhio  Salt.— 6.  Violet  Salt           ....  ....               143 

lodate  of  Lead-oxide                     ....  ....                 ....     143 

Periodate  of  Lead-oxide      ....                ....  ....              144 

Lead  and  Bromine. 

Bromide  of  Lead        ....                ....  ....                ....     144 

Oxybromide  of  Lead            ....                ....  ...                144 

Bromate  of  Lead-oxide                 ....  ....                 .-..     145 

Bromo-carbonate  of  Lead    ....                ....  ....              145 

Lead  and  Chlorine. 

Chloride  of  Lt'cd:  Plumum  comeum;  Cohmnite  ....     145 
Oxvchloridc  of  Leud. 

'  a.  liPba,  PbO— &.Pba,PbO ....               146 

c.  PbCl,  liPbO  :  Mendipite  ....                 ....     147 

rf.  PbCl,3PbO.— €.  PbCl,5PbO.— /.  Caml-fMow  147 


CONTENTS.  XVll 

Page 

Chlorite  of  Lead-oxide                  ....  ....                ....     148 

Chlorate  of  Lead-oKid9       ....  .•••                '•••              148 

Perchlorute  of  Lcad-oxlde            ....  ....                ....     148 

Chbrocarbooate  of  Lead  :  Hort^lead  ....                ....              148 

Qilorophospliite  of  Lead             ....  ....                ....      149 

Chlorophosphale  of  Lead :  PyrcmorphUe  ....               149 

ChloroBulphido  of  Lead                 ....  ....                 ••••     160 

Chlorosulpbflte  of  Lead        ....  ....                ....             160 

Chloriodide  of  Lead  ....                ....  ....                ....     161 

Lead  and  Fluorine. 

Fluoride  of  Lead                 ....  ....                ....              161 

Oxjfliiorido  of  Load  ....                  ....  ....                  ....     161 

BflrofluorideofLead.— rbF,BF*  ....                ....              161 

Clilorofiuoridc  of  Lead.--PbCI,  PbF  ....                ....    161 

Lead  and  Nitrogen. 
Nitrite  of  I>adH}xide- 

a.  QuadrobaaiG             ....  ....                ....              162 

^  b.  Terbasic  1— ^f  c.  Bibasic-^if.  Monobasic  ....     163 

Hjponitrate  of  Lead-oxide. 

a.  Quadrobasicl           ....  ....                ....              163 

b.  Bibasic           ....                ....  ....                ....    164 

Nitrate  of  Lcad-oxid^ 

a,  Sexbosic.^.  Terbasic  ....               ....              166 

c.  Bibasic--f/«  Monoboaie      ....  ....                ....    167 

Boronittate  of  Lead  ....               ....              168 

Pho.^phoi]iirale  of  Lead-oxide       ....  ....                 ....     168 

^  A zophosphate  of  Lead-oxide  ....                ....              168 

Nitrate  of  Lead*oxide  with  Fluoride  of  Lead  ....  ....     168 

Plumbite  of  Ammonia         ....  ....               ....              168 

Hyposulphite  of  Lead-oxide  and  Ammonia  ....            ....    168 

Bulpbate  of  Lead*oxi<le  and  Ammonia  ....                ....              169 

AinmoniO'iodide  of  Lead               ....  ....                ....     159 

Iodide  of  Lead  and  Ammonium  ....                ....              169 

AmraoGio-<?hkridaof  Lead          ....  ....                ....     159 

Chloride  of  Lead  and  Ammonium  ....                ....              160 

Lead  and  Potassium. 

Alloy  of  Lead  and  Potassium       ....  ....                ....    160 

Plumbite  of  Potash              ....  ....                ....              160 

Plumbate  of  Potash  ....                ....  ....                ....     160 

11  yposulplii  to  of  Lead -oxide  and  Potash  ....              160 

Bulphate  of  Lcad^oxide  and  Potash  ....              ....     161 

Iodide  of  Lead  and  Ammonium. 

fl.  2Kl,Pbr.— 6.2KMrbI  ....                ....              161 

Bromide  of  Lead  and  Potassium  ....  ....               «...     162 

Lead  and  Sodium. 

Alloy  of  Lead  and  Sodium' ....  ...               ....              162 


^^m      xn      ^^^^^^                            ^^^^^^ 

■ 

^^^^^B                 Fhosplmte  of  Lead-oxtde. 

Page 

^^^^^^B                         a,  Terhmic, — b.  Dibasic 

130 

^^^^^H                        e,  3  At.  Acid  ta  4  At.  Base.— <f.  With  excess  of  Add 

131 

^^^^^K                 Pyrophospliate  of  LcadH^xIdc. 

131 

^^^^^^H                 Melaphoq>lmte  of  Lead-oxldc 

131             1 

^^^^^^T         Lead  and  Sulphur. 

^^^^^^K                 One-fourtli  Sulpliide  of  Load 

132             ' 

^^^^^^V                 Disidpliide  of  Lead     .... 

132             1 
132             ' 

^^^^^B                 Protosnlpliido  of  Lead  :  Galena 

^^^^^^V                 Feutasulphidc  of  Lead 

134 

^^^^^^H  '                ITjposidphite  of  Li>ad-oxido 

136 

^^^^^^H                  TetraUiionate  of  Lt^ad-oxido 

135 

^^^^^B                 Trithioiiate  of  T^ad-oxido  .... 

135              ' 

^^^^^^H                 Bylpliitc  of  Lend'oxtde 

13« 

^^^^^^H                 llyposulpliato  of  Lend-oxidc. 

^^^^^^B                        a.  Torbo^c. — b.  Biliaaic  f— r.  Monobasic 

135      ^ 

^^^^^H                Sulphate  of  I^cad-oxtde. 

■ 

^^^^^^B                          a,  RaBic.—/'.  Monobasic  :  Lead-tiinal      ... 

13f!             i 

^^^^^^B               Sulphate  and  Carbonate  of  Lead-oxide  :  LtmihiUUe,.., 

na         1 

^^^^^H                Sulpbocarbonate  of  Lead     .... 

iriK          1 

^^^^^^B         Lead  nncl  Seleniuni. 

J 

^^^^^^H                 Belenide  of  Lead 

130      ■ 

^^^^^B               Selenite  of  Lead-oxide. 

■ 

^^^^^^K                       a.  Bafiie. — h.  Monobasic 

J30        H 

^^^^^H               Selmiiaie  of  Lead-oxide 

UO              1 

^^^^^H        Lead  and 

d 

^^^^^H                Iodide  of  Lead  .... 

UO       ■ 

^^^^^H              Oxy4odtdo  of  Lead. 

^^^^K 

141 

^^^^V 

Ut 

^^^^^^^H                Iodide  of  Lead  ail d  HydrogLU 

143 

^^^^^^K               Basic  Periotlile  of  Lead-oxide  ? 

^^^^V                       a.  DUie  Salt.— 6.  Violet  Sdt 

m 

^^^^^^B              Xodat«  of  Lead-oxide 

143 

^^^^^^K               Feiiodate  of  Lead-oadde      , 

U4      ^H 

^                                                                                                     ^Mj^^^^^^^^^^^^H 

^^^H 

^^^^^_                              of  Lend       *"^^^^^^^^^^^^^^^^^| 

^^^^1 

^^^^^B*               Ox>bromider)f  I.Md  ^^^^^^^^^^^^^^^^^^H 

^^^^^H 

^^^^^^H                                Li*ail-i>xt^^^^^^^^^^^^^^^^^^^^H 

^^^^^H 

^^^^^^B              Bromo-cai'bonale  of  Lead    .^^jj^^^^^^^^^^^^^^H 

^^^^1 

^^^^^B                        Ckhmn^^^^^^^^^^^^^^^^^^^H 

^^^1 

^^^^B                            '  ^^^^^^^^^^^^^^^^^1 

^^^^1 

^^^^l                   ^^^^^^^^^^^^^^^^H 

^^B^^H 

^^^^B                       a.  ^li^^^^^^^^^^^^^^^^H 

^^^^H 

^^^H          "'  ^'^^^^^^^^^^^^^^^^^ 

^^1 

^^^^B                      iT/E^^^^^I^^^^^^^^^^^^^^ 

J 

CONTENTS.  3ax 

Page 
Lead  and  Molybdenum. 

Molybdide  of  Lead     ....                ....  ....                ....     167 

Molybdate  of  Lead-oxide  :  YeUow  lAad-ore  ....              167 

Sulphomolybdate  of  Lead              ....  •"•                 ....    168 

Persulphomolybdate  of  Lead                 ....  ....              168 

Lead  and  Yanadiam. 

Yanadiate  of  Lead-oxide. 

a.  Monovanadiate.— 6.  Bivanadiate  ....               ....    168 

Vanadite    ....                 ....                 ....  ....               169 

Lead  and  Cbromiam. 

Chromate  of  Lead-oxide. 

a,  Bichromate :  Chrome-red  .,„  ....                 .,„    169 

5.  Sesquibasic  Chromate :  Af«i^nocAroi7tf  ....               170 

c.  Monochromate:  Red  Lead-^par;  Chrome-yellow      ....    170 

Lead  and  Uranium. 

UranateofLead-oxide.— FbO»2U'0^    ....  ....              172 

Lead  and  Manganese    ....              ....  ....              ....    172 

Lead  and  Arsenic. 

Arsenide  of  Lead                 ....                ....  mm              172 

Arsenite  of  Lead-oxide. 

a.  Bibasic.— 5.  Monobasic     ....  ....                ....     173 

Arseniate  of  Lead-oxide. 

a.Terbasic. — h,  Bibasic                  ....  ....              173 

SalpharseniteofLead.->2PbS^A8S^  ....                „..     174 

Sulpharseniate  of  Lead        ....                ....  ....              174 

Arseniate  of  Lead-03dde  with  Chloride  of  Lead  ....     174 

Arsenide  of  Lead  and  Potassium           ....  ....             I74 

Lead  and  Antimony. 

AntimonideofLead.— a.  Pb'^^b'  ....                ....     174 

b,  Fh'Sh.-'Tppe'meial                     ....  ....               176 

Antimoniate  of  Lead-oxide  :  Naples  Yettow  ....                ....    I75 

Sulphantimonite  of  Lead. 

a.  Sexbasic:  Kilkbrickenite             ....  ....               175 

b,  Quintobasic :  Geocronite, — c.  Terbasic  :  Boulangerite       176 

d,  Bibasic :  Feather-ore, — e,  Sesqoibasic  :  Jamesonite         176 
/.  Four-thirds-basic  :  Plagiomle  ....                ....     176 

g.  Monobasic:  Zinkenite                 ....  ....              I77 

Bulphantimoniate  of  Lead                ....  ....            ....     177 

Lead  and  Tellurium. 

Telluride  of  Lead                ....                ....  ....               177 

Tellurite  of  Lead-oxide                 ....  ....                ....     178 

Tellurate  of  Lead-oxide       ....                ....  ....              178 

Sulphotellurite  of  Lead                ....  ....                ...     178 


CONTENTS. 


PlumbitGofSoda 

Plambato  of  Sodii 

Carbonate  of  L^ad-oxido  and  Soda 

8iilpli] do  of  Lead  and  Sodium 

Hyposulphite  of  Lead -oxide  and  Soda    .... 

Sulphato  of  Lead^xide  and  Boda..«.  ..*« 

Iodide  of  Lead  and  Sodium  .,„ 

Bromide  of  Lead  and  Sodium 

Chloride  of  Load  and  Boditiin  »«,* 

Lead  and  Barium- 

Flumbito  of  Baryta    ....  ....  «.. 

Sulphide  of  Lead  and  Bariimi 

Hyposulphite  of  Lead-oxide  and  Baryta  „„ 

Chloride  of  Lead  aud  Barium  .... 

Lctad  and  Strontium. 

Hyposulphite  of  Lead-oxide  and  Strontia 

Lead  aud  Calcium. 
Plumbite  of  Lim© 

Carbonate  of  I^ad-oxide  and  Lime :  PlumUhealdte 
HypuBulpliite  of  Lead-oxide  aod  Lime.,.. 
Phosphate  of  Lead-oxide  and  Limo  with  Chloride  of  Lead 
Sulphate  of  Lead-oxide  with  Flu orapar 

Lead  and  Alutuinum. 

Phoeph&te  of  Lcad-oxIde  with   Hydrate   of   Alninina  : 
Phmbpomm^f  „„  .„.  „„ 

Lead  and  Sillcium. 
Silicide  of  Lead 
Silicate  of  Leod-oxido 
Borodlicate  of  Lead-osido 
SiUcoflooride  of  Lead 
8iltcate  of  Lead-oxide  and  an  Alkali. 

a,  Lead-gtaB8. — b.  Contmiung  a  luge  proporiioii  of 
alkali 
BUicate  of  Zircon ia  and  Lead-oxide. 

a.  2PhO/iZrO,Si0^^6.  PbO,2ZrO,SiO»       „„ 

Lend  and  Titaniuni. 

FliuHrsdoofTttatuumand  Load    .... 
Lead  and  Tantalum » 

Fluoride  of  Tantalum  and  Lead  ....  ,,,, 

Lead  and  TuugBtou, 
Tnogilido  ol  Lead     ..,. 
Timgflata  ti  Lead*oxide.— a.  Moiiotungstat4» :  ScheeBimt 

ft.  Bitungvtato    ..„  ....  ,^  ^ 

Solphoiiiagttat^  of  Lead  :  PbS.^^S^     ....  ,^ 


163 


K4 


1C5 


lUG 


\GG 


lOQ 


im 


1C6 


CONTENTS. 

3dx 

Page 

Lead  and  Molybdenum. 

Molybdide  of  Lead     .... 

....     167 

Molybdate  of  Lead-oxide  :  Yellow  Lead-on 

167 

Sulphomolybdate  of  Lead 

....    168 

Persulphomolybdate  of  Lead 

168 

Lead  and  Vanadium. 

Yanadiate  of  Lead-oxide. 

a.  Monovanadiate.— 6.  Bivanadiate  ....               ....    168 

Vanadite    ....                 ....                 ....  ....               169 

Lead  and  Chromium. 

Chromate  of  Lead-oxide. 

a.  Bichromate:  Chrome-red  ....  ....                 ....    169 

b.  Beaquihaaic  Chromate:  Mekmochroite  ....              170 

c.  Monochromate:  Red  Lead-spar;  Chrome'yellow      ....    170 

Lead  and  Uranium. 

UranateofLead-oxide.— PbO^U'O'    ....  ....             172 

Lead  and  Manganese    ....              ....  ....              ....    172 

Lead  and  Arsenic. 

Arsenide  of  Lead                 ....                ....  mm              172 

Arsenite  of  Lead-oxide. 

a.  Bibasic— 5.  Monobasic     ....  ....                ....     173 

Arseniate  of  Lead-oxide. 

a.  Terbasic. — b.  Bibasio                  ....  ....              173 

SulpharseniteofLead.— 2PbS,A8S'  ....                ....     174 

Sulpharseniate  of  Lead        ....                ....  ....             174 

Arseniate  of  Lead-oxide  with  Chloride  of  Lead  ....     174 

Arsenide  of  Lead  and  Potassium           ....  ....             174 

Lead  and  Antimony. 

AntimonideofLead.— a.  Pb'^^b'  ....                ....     174 

b.  Pb'Sb.— ryiw-mete/                     ....  ....               176 

Antimoniate  of  Lead-oxide  :  Naplet  Yellow  ....                ....    175 

Sidphantimonite  of  Lead. 

a,  Sexbasic:  Kilkbrickeniie             ....  ....               175 

b,  QuiDtobasic :  Geocronite, — c.  Terbasic  :  Boulangerite       176 

d.  Bibasic :  Feather-ore^ — e,  Sesqoibasic  :  Jamesonite  176 
/.  Four-thirds-basic  :  Plagionite  ....                ....     176 

g.  Monobasic:  Zinkeniie                ....  ....              177 

Balphantimoniateof  Lead                ....  ....            ....     177 

Lead  and  Tellurium. 

TeUuride  of  Lead                ....                ....  ....              177 

Tellurite  of  Lead-oxide                 ....  ....                ....     178 

Tellurate  of  Lead-oxide       ....                ....  ....              178 

Sulphotellurite  of  Lead                ....  ....                ....     178 


XX  CONTENTS. 

ftigc 
Lead  and  Bismuth. 

Alloy  of  Lead  and  Bismiith....               ....  ....              178 

SolphobiamuthateofLead.— SPbS,BiS':  Kobellite  ..-     179 

Lead  and  Zinc. 

Alloy  of  Lead  and  2«inc      ....                ....  «...               179 

Lead  and  Tin. 

Alloys  of  Lead  and  Tin                ....  ....                ....    179 

8tannate  of  Lead-oxide       ....               ....  ....              180 

Antimonide  of  LeadandTin          ....  ....              ....     180 

Alloys  of  Bismuth,  Lead  and  Tin           ....  ....              189 

Alloys  of  Lead^  Tin  and  Zinc       ....  ....                ....    181 

Other  Compounds  of  Lead    ....              ....  ....            181 

CHAFTcaXXXn.    IBON. 

Memoirs,  &c — ^Histoiy. — Sources. — ^Preparation  on  the  huge  scale       182 

Pmification. — ^Properties                  ....               ....  ....              183 

COMPOUXDS  OF  IrOX. 

Iron  and  Oxygen. 

Oxidation  of  L^n      ....               ....  ....               ....    184 

Suboxide  of  Iron.— Fe*0?  ....                ....  ....              187 

Ferrous  Oxide FeO                  ....  ....               ....     187 

Hydrate  of  Ferrous  Oxide             ....  ....              187 

Ferrous  Salts  :—Prolo-M/^«  (if /r9fi  ....                ^     188 

Ferroso-ferric  Oxide. 

a.  Scale-oxide:    6FeO, Fe'O*.— 5.  Magnetic  Oxide: 

Fe^O*  or  FeO,Fe»0"                ....  ....              190 

Hydrate  of  Ferroso-fcrric  Oxide. 

a.  Dingy  green  Hjdrato.— /3.  Bkdc  HTditto  ....                   ....     192 

Ferroso-ferric  Salts      ....                ....  ....              194 

Ferric-oxide.— F«*0*                   ....  ....                ....    194 

Hydrate  of  Ferric-oxide  :  Brown  Iron-ore       ....  196 

a.  Pe«0»,nO:   KudU  Iron-crt  s  Q6lkUt:  LfpidoknkUtf 

PieHdomorphou*  Brown  Iron-ore  ....                   ....     197 

/9.  SFe*0S,3H0 :  Brom^ n<tmatiU  ....  ....                197 

y.  Fo»0»^UO                      ....  ....                  ....      198 

Ferric  Salts  :  iP^-«al^  (if /ron        ....  ....              198 

Ferric  Acid.— FeO*  ?            ....  ....                ....    201 

Iron  and  Hydrogen. 

Femiretted  Hydrogen  gas  ?                  ....  ....              SOI 

Iron  and  Carbon. 

Carbide  of  Iron          ....                 ....  ....                 ....     202 

a.  Bar  or  Wrought  Iron ....            ....  ....              205 


CONTENTS.  XXI 

Page 

h.  Steel              ....               ....  ..-               ....    2^« 

c.  Cast-iron  or  Pig-iron                 ....  ....              210 

A.  White  Pig-iron                    ....  ••.»                    —•     ^^^ 

B.  Grey  Pig-iron          ...                    ••••  ••••                 *** 

d.  Pure  or  Saturated  Cast-iron :  Fe^C  ....                ....    219 

Carbonate  of  Ferrous  Oxide. 

a.  Monobasic :  Iran-spar  or  Spathic  Iron-ore;  Sphmro- 

siderite;  Junkerite.,.,                ....  ....               219 

b.  Acid  Carbonate                 ....  ....                 ....     221 

Carbonate  of  Ferric  Oxide  I                   ....  ....              222 

Iron  and  Boron. 

Borate  of  Ferrous  Oxide               ....  ....                ....     222 

Borate  of  Ferric  Oxide       ....                ....  ....                222 

Iron  and  Phosphorus. 

Phosphide  of  Iron.— «.  Fe*P       . ..  ....                ....    222 

b.  Fe»P'    ....                 ....                 ....  ....               223 

Hypophosphite  of  Ferric  Oxide  ....                ....    223 

Hypophosphate  of  Ferric  Oxide             ....  ....              223 

Phosphite  of  Ferrous  Oxide          ....  ....                ....    223 

Phosphite  of  Ferric  Oxide  ....                 ....  ....              223 

Phosphate  of  Ferrous  Oxide. 

a.  Terbasic  :  Blue  Iron-ore  or  Vivianiie  ....                ....     224 

b,  Bibasic. — o.  Acid  Phosphate      ....  ....              225 

f  Pyrophosphate  of  Ferrous  Oxide ....  ....               ....    22ft 

Phosphate  of  Ferric  Oxide. 

a,  Polybasic:  Limonile          ,..«  ....                ....    225 

b,  Bilmsic ....                 ....                 ....  ....               226 

c,  Sesquiphosphate                ....  ....                ....     226 

d,  Biphosphate  ?           ....                ....  ....              22ft 

^  Pyrophosphate  of  Ferric  Oxide    ....  ....                ....    227 

f  Metaphosphate  of  Ferric  Oxide               ....  ....              227 

Iron  and  Sulphur. 

One-eighth  Salphide  of  Ii*on         ....  ....                ....    227 

Disulphide  of  Iron               ....                 ...  ....               227 

Protosulphide  of  Iron,  or  FeiTOus  Sulphide  ....                ....    228 

Hydrosulphate  of  Ferrous  Oxide    ....  ....              230 

Eight-sevenths  Sulphide  of  Iron  :  Magnetic  Pgritee  ....    230 

Sesquisulpliide  of  Iron,  or  Ferric  Sulphide  ....              231 

Hydrosulphate  of  Ferric  Oxide  ....                ....    232 

Bisulphide  of  Iron :  Iron  Pyrites            ....  ,...               232 

Sulphide  of  Ferrous  Oxide  f          ....  ....                ....     236 

Hyposulphite  of  Ferrous  Oxide             ....  ••••              236 

Sulphite  of  Ferrous  Oxide            ....  ....                 ....     236 

Sulphite  of  Ferric  Oxide      ....                ....  • ..              236 

Hyposulphate  of  Ferrous  Oxide  ....  ....                ....     236 

Hyposulpliate  of  Ferric  Oxide                ....  ....              237 

Sulphate  of  Ferrous  Oxide  :   Protosulphate  of  Iron,  Green 

Vitriol,  Copperas    ....                  ....  „.,               ....    237 

VOL.  V.  b 


XXU  CONTENTS, 

Page 
a.  Mono-h7drated.-H3.  Bi-hydrated.— y .  Ter^ydrated ....    239 

d.  Tetra-h7drated.~€.  Hepta-hydrated  ....              239 

Sesquisulphate  of  Ferrous  Oxide  I            ....  ....    241 

Sulphate  of  Ferric  Oxide. 

a.  Sex-basic                   ....                 ....  ....              241 

b.  Quadrobasic. — c.  Terbadc ....                ....  ....    242 

d.  Bibasic :  VUriol-ochre                  ....  ....               242 

e.  Monobasic       ....                 ....                 ....  ....     243 

/.  Sesquisulphate]:  FibrcferriU       ....  ....               243 

g.  Bisulphate      ....                 ....                 ....  ....     243 

h.  Tersulphate ;  Normal  Ferric  Sulphate  ....              244 

CoquimbUc   ....                   ...                   ....  ....     245 

Ferrous  Sulphocarbonate     ....                 ....  ....              245 

•    Ferric  Sulphocarbonate                 ....                 ....  ....     246 

Ferrous  Ilyposulphophosphite. — FeSyPS  ....               246 

Ferrous  Sulphophosphite. — 2FeS,PS*. 
Phosphosulphate  of   Ferric  Oxide:    Diadochite 

(Fe*0%2PO*  +  8Aq.)+4(Fe«0';80'  +  6Aq.)  ....    246 

Iron  and  Seleniam. 

Selenide  of  Iron                   ....                 ....  ....               246 

Selenite  of  Ferrous  Oxide. 

a.  Monoselenite. — b,  Biselenite                ....  ....    247 

Selenite  of  Ferric  Oxide. 

a.  Sesquiselenite.— ^.  Tenelenite.*c.  Sexselenite  247 

Iron  and  Iodine. 

Protiodide  of  Iron      ....                ....                ....  ....     247 

Hydriodate  of  Ferrous  Oxide         ....  ....              248 

lodate  of  Ferrous  Oxide  t             ....                ....  ....     249 

lodate  of  Ferric  Oxide. 

a.  Basic  lodate            ....                 ....  ....              249 

b,  Biniodate       ....                 ....                 ....  ....     250 

Ferrous  and  Ferric  Periodates               ....  ....              250 

Iron  and  Bromine. 

Protobromide  of  Iron,  or  Ferrous  Bromide     ....  ....     260 

Ilydrobromate  of  Ferrous  Oxide    ....  ....              250 

Sesquibromide  of  Iron,  or  Ferric  Bromide      ....  ....     250 

Hydrobromate  of  Ferric  Oxide      ....  ....              251 

Ferric  Oxybromide    ....                ....                ....  ....     251 

Broroate  of  Ferric  Oxide     ....                 ....  ....              251 

Iron  and  Chlorine. 

Protochloride  of  Iron,  or  Ferrous  Chloride     ....  ....     251 

Tcr-hydrated  Ilydroclilorate  of  Ferrous  Oxido....  252 

Sesquichloridc  of  Iron,  or  Ferric  Chloride       ....  ....     253 

Ter-iiydrochloratc  of  Ferric  Oxide     ....  ....              254 

a.  Pcnta-hydratctl                      ....                      ....  ....      ^^ 

*.  Dodcca-hydrtteU        ....                     ....  ....                  255 

Aqueous  Tcr-bjidiucbiorate  of  Ferric  Oude       ....  ....     255 


CONTENTS, 

Ferric  Oxjchloride^  or  Basic  Hjdroolilorate  of  Ferric 
Oxide.; 

a.  Soluble....  ....  ....  .... 

b.  Insoluble 
Perchlorate  of  Ferrous  Oxide 


xxm 

Page 

265 
266 
256 


Iron  and  Flnorine. 

Protofluoride  of  Iron,  and  Mono-hydrofluate  of  Ferrous 

Oxide 
Sesquifluoride  of  Iron,  and  Ter-hydrofluate  of  Ferric  Oxide 
Ferric  Oxyfluoride,  or  Basic  Hydrofluate  of  Ferric  Oxide.... 

Iron  and  Nitrogen. 

Nitride  of  Iron ....  ....  ....  ....  , 

Nitrate  of  Ferrous  Oxide 
Nitrate  of  Ferric  Oxide. 

a.  Acid  Nitrate  .,.,  „.# 

5.  Basic  Nitrate .... 
if  Azophospbate  of  Ferric  Oxide 
Ferrite  of  Ammonia  ?.... 
Carbonate  of  Ferric  Oxide  and  Ammonia 
Phosphate  of  Ferrous  Oxide  and  Ammonia    .... 
Phosphate  of  Ferric  Oxide  and  Ammonia 
f  Ammonio-azophosphate  of  Ferric  Oxide 
Sulphate  of  Fen'ous  Oxide  and  Ammonia 
Sulphate  of  Ferric  Oxide  and  Ammonia. 

a.  Basic. — b.  Containing  Bisulphate  of  Ferric  Oxide. 

c  Containing  Tersulphate  of  Ferric  Oxide     .... 
Hydrobromate  of  Ammonia  containing  Sesquibromide  of 

Iron.... 
Ammonio-protochloride  of  Iron 
Protochloride  of  Iron  and  Ammonium,  or  Ferroso-ammonic 

Chloride 
Ammonio-scsquichloride  of  Iron. — NH^,Fe*Cl* 
Sesquichloride  of  Iron  and  Ammonium,  or  Ferrico-ammonio 

Chloride  :  2NH*C1  +  Fe»Cl»  +  2Aq 

Sal-ammoniac  containing  Sesquichloride  of  Iron 

Iron  and  Potassiam. 

Alloy  of  Iron  and  Potassium 
Ferrite  of  Potash 
Ferrate  of  Potash 

Carbonate  of  Ferric  Oxide  and  Potash  .... 
Boride  of  Iron  and  Potassium 
Sulphide  of  Iron  and  Potassium 
Sulphate  of  Ferrous  Oxide  and  Potash 
Sulphate  of  Ferric  Oxide  and  Potash. 

a.  KO,80'+4(Fe»0»,SO»)+9Aq.:  Yellow  Irm^e 

b.  KO,SO^+3(2Fe«0»,3SO»)  +  18Aq 

c.  2(KO,80>)+Fe»0»,2SO'+6Aq 

62 


256 
266 
257 

257 
257 

258 
259 
259 
2G0 
260 
260 
261 
261 
261 


262 


263 

263 
264 

264 
265 
265 
268 
268 
268 
268 

268 


CONTENTS, 


</.  2(KO,SO')+3(Fe*0\2SO*)-f22Aq ....     2C9 

e.  KO,80»'^Fe'0^3SO^+24A<l,  Putftsh  fron-alum  270 
Piotodiloride  of  iron  and  Potiissium,  or  Ferroso-potassic 

Chloride  -,,  ..-,  ,.,.  ....  271 
8csqiiichloride  of  Iron  and  Paiaaaiam^  or  Ferrico-poUssic 

Cliloride  '.,..                ....                ,...                .„.  271 

Protofliioiide  of  Iron  and  Potassium,  or  Ferroso-potassic 

Fluuride               ..                   ...                     .  ....     2?  I 

Sesquifiuodde  of  Iron  and  Potassium,  or  Ferrico-potassic 

Fluoride. 

(i.Terbasb:  3KF,Fe^F\— ^.  Dibtisic  :  2KF,F©*F^  271 

Iron  ami  Sodium. 

•     Fern  to  of  Soda           ...,                  „».                  «...  ,«.,     fjl 

Carbonate  of  Ferric  Oxide  and  Soda  ST* 

Iron  with  Fluxes        ....                  ...  .,.,     ^7^ 

^  Pyropliospliato  of  Ferrou»  Oxide  ami  Soda                ,...  272 

T[  Pyropliospl  I  ate  of  Ferric  OxTde  and  Soda         ..„  ,...    27^ 

Sulphide  of  Iron  and  Bodi urn                   .   ,                  ».,*  272 

Basic  Sulphate  of  Ferric  Oxide  and  Soda        ...  ....    27» 

Iron  and  Barium. 

Alloy  of  Iron  and  Barium      ,.                 273 

Ft-rratc  of  Baryta       „..                 ...,                 ....  273 

Sulphide  of  Iron  and  Ban nni  273 

Iron  and  Cnlciuni. 

II ypoi»ulphile  of  Ferric  Oxide  and  Lime  ....     974 

Sulpltldc  of  Iron  and  Calcium  274 

Iron  and  Magncamm, 

Alloy  of  Iron  and  Magnesium                          ...<  „..     274 

CarWnale*  of  Ferrous  Oxide  and  Magnesia               *,»,  274 
Bulphflte    of    Fcrro«o-ferric    Oxide    and    l£<ig:iiMia: 

Botiyogen*                 ....                 ....                 ».,  4**.    274 

Iron  and  Cerium. 

Carbide  of  Iron  and  Cerium                                       ....  f74 

Iron  and  Glucinum. 

Alloy  of  Iron  and  Glucitium          „..  „.♦     ^74 

Carbide  of  Iron  aud  Gbcininu                ....                .^  ifft 

Iron  and  Aluminum. 

Alloy  of  Iron  and  Aluminum                          «,.«  27& 

A luininulo  of  Ferrous  Oxide;  Ztilanite;  C^lormpinttk  tt^ 

Carbld<;  of  Iron  and  Aluminum                                   ....  97** 
Sulphate  of  Alumina  and  Ferrous  Oxide:  Feaih^r^iatt, 

a.  C(FuO^S01^ArO\2SO»i^48Aii .        27« 

6.  2i  FcOpSU  )  +  A  l*0*,SSO'  +  27 Aq. :  Btrghait^r  27C 

e.  FeO,SO^  +  Al'0^3SOV24Ari.  270 


^^^^^^^^^V                      ^^^^H 

^^1 

^^^^^^^^^^B 

^^M 

^                  */.  MgCSO^-fFeO^SO^  +  APO'^SO'  +  ISA^ 

^H 

^^V           SulphitcofAhimiaftgjid  Ferric  Oxide  ..,, 

^H 

1            Irou  and  Silicmm* 

^H 

I                   Silidde  of  Iron... 

^^1 

^^K           Silicate  of  Ferrous  Oxide. 

^^^^^^            a,  Disilicttte:    llyahsiderUf;  Fa^alitc 

378         ^^1 

^^^K                   Knehelite;  FeO.IkfiiO^BIO* 

279         ^^H 

^^^^^^H          L  Honoiiilicate:  Pyrmmalite 

^H 

^^^^H          «,  Slx-fiftlJ»  Silicate:  Hameblendes  rkk  in  Iron. 

^^^^^^V                    a,  Arf&Cihmiiie, — j9«  Ae^Hne 

^^1 

^^^^^H           d.  Fivc-founlis  Silicate ;  Kroki^doliie 

281           ^^M 

^^^^^^            e.  Qiiadrofiilicate 

^^M 

^^H          8illca(e  uf  Fen  ic  Oxide. 

^^^H 

^^H                  a.  MonoBiIieate 

^^M 

^^^^^^           b,  Sesquisilicate  :  Veiiow  Earth 

383          ^^H 

^^^^^H          e.  BiBllicate:  IlhftngerUe 

^^H 

^^^^^■^          rf.  Tergilicaie :  A'oii/roiii/^     ..„ 

^^^H 

^^V                   r,  Quadrosilicate  :  Anihmiderite 

283           ^^H 

^^H           Silicate  of  Fenic  Oxide  witli  Carbonate  of  Soda, 

^^^M 

^^^B                    a,  Bibnsic:  Glauber^^  Irmi-tree 

^^M 

^^m                  L  Willi  4  atoms  oC  Acid 

284           ^^H 

^^^^^    Double  Silicates  fontainiDg  Feme  Oxide  and  Alumina,  on 

^^^H 

^^^^H           the  one  hand,  and  Ferrous  Oxide  with  others  of  the 

^^^1 

^^^^*           stronger  Ijaecs,  on  the  other. 

^^H 

^V         CA«fiim«l€.— 2(&FeO,8iO*)  +  Al'O^  ,3SiO'  ^  12  Aq. 

^^1 

^H           F^ii-ortr,— lOFeO,3SiO'  +  APO^SiO^  -f  6  Aq. 

284            ^^H 

^^H          Siitpnomelfme.''9(FeOfiiO^)  -f  AVO%3SiO^  ^  TAq. 

^^H 

^H           G^cTri/if.— 6FeO,(JSiO'  +  Al^O^SiO '  +  Aq.! 

286           ^^H 

^H         i/t«iil<r.— 2(2FeO,SiO*)  +  Fe*0\SiO'                  

^^H 

^H           Crc»^/<?e^/i/^.— 3FeO,8iO'+FGO'SiO'4-3Aq 

^^H 

^B          fri'afyii.-3(Fe0^iO*)4*AlW,SiO« 

^^1 

^H           Achmi(e,—^iiO,2mO'  +  Fe0,8i0^  +Fe0,3Si0"        ... 

^^H 

^^H           0«fWt/r.— 3(Ft'0,SiO^)-f  2Al*O^^SiO*  +  3Aq.  .... 

287            ^^H 

^^H          CA/on^*-*/>ar.— 2(Fe0^iO*)  +  2AI"O^SiO• 

^^H 

^H          L*pi</^«'/«m^^K0;FeD)SiO»^-  (FeK)'vAFO»)SiO* 

^^M 

^^H          /'i«5r«i/^.— FeO,2SiO^  +2(FeW,2SiO')-|-UAqJ     ..., 

287           ^^1 

^^^H          G las»-fluxcs  eon taini ng  Ft-rro lis  and  Ferric  Oxide 

^^1 

^^^H          Carbide  of  SiUcitim  and  Iron 

^^H 

^^m          Protofluondcof  Iron  and  Silicillm,—FeF,SiF^.,. 

288            ^^H 

^^m          Sesquifliioridc  of  Iron  and  Silicium.— Fe'P,3SiF' .... 

^^^H 

^^    Iron  and  Titaninm, 

^H 

a                  Titauide  of  Iron  1 

^^M 

^^L         Titanate  of  Ferroufl  Oxide  :  Tiiani/eram  Iron. 

^^^H 

^^^^^^           a,  Hmenite 

289            ^^H 

^^^^^m          ^*  Kthdehphane  .,,, 

280            ^^1 

^^^^^^H          y.  Basanomtiane 

^1            ^^H 

xxn 


CONTENTS. 


Titanate  of  Ferric  Oxide 

Bifluoride  of  Tltimium  with  Sesquifluoride  of  Iron.,., 

Iron  and  Tantalum. 
Tontalide  of  Fi-on 

T&nUlite  of  Ferrous  Oxide :  a  variety  qf  Tantaiite 
Tantokto  of  Ferric  Oxide. 

a,  Bibasic:  Columbite.... 

b,  Monoboiic:  Ordinary  Tanialite 

Iron  and  Tungsten, 

Tiuigstate  of  Ferrous  Oxide, 

<i.  MonotimgBtiitc. — Woyrum        „„ 

fe,  Bitungstal©     .,,.  „„  ,.„  „, 

Carbide  of  Tungsten  and  Iron 
Ferrous  Sulpliotungatato  :  FeS,W8' 
Ferric  Sulphotuogstate :  Fe'S»,3W8'MM 

Iron  and  Molybdentimt 

Holybdide  of  Iron      .-.,  ,„.  ....  ... 

Molylidttte  of  Ferric  Oxide 

Ferrous  Sulp^ioinolybdate  ....  «».. 

Ferric  Sulphomolybdato    ,.  , 

FerrotLS  Persulpliomolybdato        ..,,  ,♦•< 

Ferric  PcrBulphomolybdate  ....  »... 

Iron  and  Vanadium. 

YaaadiAie  of  Ferrous  Oxide  1 

Tanadiale  of  Fenic  Oxide.  ; 

Iron  and  Chromiam. 

CliroTnio  Oxide  witli  Ferrous  Oxide ;  Chf^m§4mk'mr§ 
Chromic  Oxide  with  Ferric  Oxide 
Chromate  of  Ferric  Oxide, 

cv.  Bajiiic. — 6.  With  4  atoma  of  acid 
Carbide  of  Cliromium  and  Irou 

Iron  and  Uranitim* 
Uranide  of  Iron  f 

Iron  and  Manganese, 
llaoganide  of  Iron 
f  MaogBniferoui  Ma^eiie  Irvnmjre ;  (FoO»&£nO)Fe^O* 
Qvbide  of  ManganeBo  and  Iron  ....  .,., 

Phosphate  of  Manganous  Oxide  and  Ferrous  Oxidi;* 
«,  Quadrobatio:  TriplUe, — i3iluD,roM  FeO.PO* 
L  Terbade. 

<L  rHM|rfin*,-3(/,LiO,T»tMn0.nF<^0)PO» 
$.  Ttirapk^Hftf  or  PerotPtking, — 3(/,Li0,/|Mg0» 
,\Mji0,i3t'e0)F0> 


292 

202 


39^ 
893 


S94 
»7 


297 


S08 


3oa 

aoo 

aoa 

301 
301 
309 


CONTENTS.  XXVU 

Page 
y  r  /ron-apo/ite.— 3MnO,PO' + 2(3FeO,PO»)FeF         302 
e,  5  atoms  of  Base  to  2  atoms  of  Acid. 

a.  Heiepozite — 5(MnO;FeO)2PO*+2Aq.  ....     303 

fi,  ^arfltt/i/^.— 6(MnO;FeO)2POs-f  8Aq 303 

Phosphate  of  Ferric  Oxide  and  Manganic  Oxide;  Weathered 

Triphyline,  or  TripUie  of  Bodenmais  ....  ....    303 

Iron  aud  Arsenic. 
Arsenide  of  Iron. 

a.  Di-arsenide  ....  ....  ....  303 

b.  Mono-arsenide:  Arsenical  Iron  or  Arsenical  Pffrites      304 
Arsenite  of  Ferrous  Oxide  ....  ....  304 

Arsenite  of  Ferric  Oxide. 

a.  Quadi'obasic  Arsenite        ....  ....  ....     304 

b.  Sesqui-arsenite I      ....  ....  ....  306 

Arseniate  of  Ferrous  Oxide. 

a,  Terbasic. — 6.  Bibasic        ....  ....  ....    305 

c.  Acid  Salt  ....  ....  ....  306 

Ferroso-ferric  Arseniate. 

a.  Cube-ore, — b.Skorodite      ....  ....  ....    306 

Arseniate  of  Ferric  Oxide. 

a.  Sixteen-basic. — b,  Bibasic. — o.  Sesqui-arseniate  307 

Arsenio-sulphate  of  Ferric  Oxide :  Pi//tjvl/tf     ....  ....     308 

Arseniate  of  Ferric  Oxide  and  lime :  Arseniostderite  309 

Ferrous  Sulpharsenite  ....  ....  ....     309 

Ferric  Sulpharsenite  ....  ....  ....  309 

Ferrous  Sulpharseniate  ....  ....  ....     309 

Ferric  Sulpharseniate        ....  ....  ....  309 

Proto-arsenide  of  Iron  with  Bisulphide  of  Iron:  Mispiokel. 

FeA8,FeS*  ....  ....  ....  ....     309 

Iron  and  Antimony. 

Antimonide  of  Iron  ....  ....  ....  310 

Ferrous  Antimonite   ....  ....  ....  ....     310 

Ferrous  Antimoniate I        ....  ....  ....  310 

Ferrous  Sulphantimonite :  Berthierite  or  Haidingerite, 

a.  3FeS,23bS\— 6.  FeS^bS'.-^.  3FeS^SbS«  ....    31 . 

Ferrous  Sulphantimoniate'....  ....  ....  311 

Antimonide  of  Iron  and  Potassium  ....  ....    312 

Iron  and  Tellurium. 

Tellnride  of  Iron  ....  ....  ....  312 

Ferrous  Tellurite       ....  ....  ....  ....    312 

Ferric  Tellurite  ....  ....  ....  312 

Ferrous  Tellurate       ....  ....  ....  ....    312 

Ferric  Tellurate  ....  ....  ....  312 

Ferrous  Sulphotellurite  ....    .  ....  ...    312 

Ferric  Sulphotellurate        ....  ....  ....  312 

Iron  and  Bismuth. 

Bismuthide  of  Iron  ....  ...  ....  312 


xxviii                                     .CONTENTS. 

J 

P«ce 

Blsmulliide  of  Ii-on  and  Potassium 

„,.     S12 

Iron  and  Zinc. 

Alloy  of  Iron  and  Zinc 

312 

Ferric    Oxide    with    Zi nc- oxide :     FfankUutU.^ 

(ZnOjFeO),(Mii''(P;Fe»0^)    "... 

....    313 

Carbide  of  Iron  imd  Zinc  «,., 

314 

Sulphate  of  Ferrous  Oxide  and  Zinc  Oxide, 

8ulp1}ate  of  Ferrous  Oxide,  Ziuc-oxido  and  Ammonia 

,.,    3U 

Iron  and  Tin. 

Alloy  of  Iron  and  Tin         ,.,.                 ,„                 ,„. 

314 

Caibide  of  Iron  and  Tin                 ....                 ,.., 

...    SU 

Iron  and  Lcjid. 

■ 

Alloy  of  Iron  and  Lead    *,.., 

m  ■ 

Other  Compoundij  of  Iron    .... 

315    ^ 

CHAPTEft  XXKIIF.    COBALT. 

McmolrBy  &c,  ^—Hirtory,— Sources*— Frepai-ation 

3]e 

I^^H          Special  Modes  of  Separation  from  particular  Metak. 

^^^H                          a.  From  Nickel 

....    319 

^^H                        6.  From  Maogaaete 

321 

^^H         Ffopertka  of  Cobalt 

..       322 

^^^^        CotrrouKot  or  Coialt. 

^^^^^^          Cobalt  and  Oxygen. 

^^^^^B                 Cobalt-oxide  or  Cobatt^ns  Oxide.— CoO 

3» 

^^^^^^V                        Hydrate  of  Cobalt-oxide 

.    339 

^^^^H                          Cobalt'SalU 

324 

^^^^H                  CobaJioso-Colmlttc  Oxide. 

^^^H                         a.  CoH:»^=0CoO,C4>«O\^&.CO*0'=4C«0,Co'O» 

....    330 

^^^H                        e.  Co^O'^CoO.CVO' 

9m 

^^^^B                 ColMatic  Oxide.-  Cd'O"" 

3Sf 

^^^^^H                         Hydrate  of  r<>balltc  Oxido 

337 

^^^H                        Cobaltie  Salts 

...     331 

^^^H                CoballioAda?— CoO' 

331 

^^^^H          CobftU  and  CarWn. 

^^^^B                 €krl»onate  of  Cobalt-oxide.... 

333 

^^^^H          Cobftli  and  Boron. 

...     329 

^^^^H          Cobalt  and  Fbotphorn*. 

^^^B                Pbotphidi  «r  CoMt* 

^^^^^V                       a.  Wttlimvi^laiigoexccMofCoball 

329 

333 

^^^^^H                 HlpOpfcMphit^  of  C<>baltHixidc 

330 

^^^H               FboipltlltofCobaJlHMacU 

...     330 

CONTENTS.  xxix 

Page 

Ordinary  Phospliate  of  CkiMt^iLidej^Terbasio    ' ....  330 

Pyrophosphate  of  Cobalt-oxide      ....  ....                ....    331 

f  MetaphosphateofCk)balt-oxide            ....  ....                331 

Cobalt  and  Sulphur. 

Protosulphide  of  Cobalt                 ....  ....                ....     331 

Hydrosulphate  of  Cobalt-oxide     ....  ....                331 

Oxysulpliide  of  Cobalt                   ....  ....                ....    322 

Sesquisulphide  of  Cobalt :  Cobali-pyrites  ....                332 

Bisulphide  of  Cobalt  ....                 ....  ....                ....     332 

Hyposiilphite  of  Cobalt-oxide               ....  333 

Sulphite  of  Cobalt-oxide                ....  ....                ....    3?3 

I Jyposulphate  of  Cobalt-oxide              ....  ....                333 

Sulphate  of  Cobalt-oxide. 

a.  Basic  Sulphate. — b,  Monosulphate :  Cobalt'vUriol  ....    333 

Sulphocarbonate  of  Cobalt....                ....  ....               334 

Cobalt  and  Selenium. 

Selenide  of  Cobalt      ....                ....  ....                ....    334 

Selenite  of  Cobalt-oxide     ....                ....  ....                334 

Seleniate  of  Cobalt-oxide               ....  ...                ....    334 

Cobalt  and  Iodine. 

Iodide  of  Cobalt.— Col       ....                ....  ....                335 

Hydriodate  of  Cobalt-oxide  ....  ....                ,,„    335 

Oxy-iodide  of  Cobalt.— CoO,CoI?    ;    ...  ....                336 

Iodide  of  Cobalt-oxide                  ....  ....                ....    335 

Cobalt  and  Bromine. 

Bromide  of  Cobalt.— CoBr....                ....  ....                335 

Hydrobromate  of  Cobalt-oxide  ....                ....    336 

Bromate  of  Cobalt-oxide   •...                ....  ....                336 

Cobalt  and  Chlorine. 

Chloride  of  Cobalt.— CoCl             ....  ....                ....    336 

Hydrochlorate  of  Cobalt-oxide     ....  ....                337 

%  Chlorate  of  Cobalt-oxide                 ....  ....                ....  337 

Cobalt  and  Chlorine. 

Fluoride  of  Cobalt,  and  Hydrofluate  of  Cobalt-oxide  337 

Oxyfluoride  of  Cobalt.— 2(CoO,CoF)  + HO  ....                ....    338 

Cobalt  and  Nitrogen. 
Nitrate  of  Cobalt-oxide. 

a.  Sexbasic. — I.  Monobasic          ....  ...»               333 

Carbonate  of  Cobalt-oxide  and  Ammonia  ....                ....    339 

Cobalto-hyposulphate   of   Ammonia.  —  3NH%Co*0'  + 

2(NH%S'0*)                ....                 ....  ...                 339 

Ammonio-sulphate  of  Cobalt-oxide.— 3N!l»-fCoO,80»     ....    339 

Sulphate  of  Cobalt-oxide  and  Ammonia. — NH^O,SO*  + 

CoO,SO»  +  6Aq ....  ....                340 


CONTENTS* 


Ammonto-iodtde  of  Cobalt 

a,  Terl>asici  3XIl%CoI 

t.  Dibasic:  2NH%CoI 
lodnte  of  Cobalt-oxfdo  and  Ammonia 
Ammouio-bromide  of  Cobalt.— 3Nn\CoBr 
Ammotiio-sesqQibfoimdG  of  CobttlU  —  3Co*0',  2Co'Br9  4- 

l5NU*420Aq.    ..., 
Cobalto-brotiiAto    of   Ammonia  ?  —  NH*,  Co'O^  + 

6(Xir,BrO^)-M2Aq.  „. 
Ammonio^cliloride  of  CobnlL— 2NH\CoCI 
Fluoride  of  Cobalt  and  Am monium 
Nitrate  of  Cobalt -oxide  and  Ammo  QiA 
CobaUo-nitrfiLto  of  Ammonia  „.,  „«, 

Cobalt  and  PotaMiiiin^ 
Cob&ltite  of  Potasb     ... 
CarbonAto  of  Cobalt-oxide  and  Potash  ,,., 
8 ulpbate  of  Cobalt-oxide  mid  Potash 
Fluoride  of  Cobalt  and  Potaasium        ,», 

Cobalt  and  Soditiin. 
Coballiteof  Sods 

Carbonate  of  Cobalt-oxide  and  Bodft    ,..• 
Cobalt  witb  Fluxes  »..  .«*. 

%  Metapbosphato  of  Cobalt-oxide  and  Soda 

Cobalt  and  Calcium* 

Hypop)iosp1iate  of  Cobolt^oxido  and  Lime 

Cobalt  and  Magnesium. 

Cobaltite  of  Magnesia....  ».•«  ***• 

Cobalt  and  Altiminum. 

Alumiiiato  of  C^balt-oxide  ,.*•  .».. 

Cobalt  and  Silicluni. 
8iljcaie  of  Cobolt-oxido 
1 1  y drated  Fluoride  of  Sili ci um  and  Cobalt 
Cybalt-gl«« 

Cobalt  and  Tungsten. 

Timgstate  of  Cobdt-oxide. 

a.  Monotungstate.— &.  BUungstate 
Snlphotungslatc  of  Cobalt,'-CoS,WS» 

Cobalt  and  Molybdenum* 
Moljrhdjito  of  Cobalt-oxide 
Sulphonioljrbdate  of  C^ball 
Feiviilphomolybdate  of  Cohali 

Cobalt  and  Vanadium. 

Vafiidlat«  of  Cobalt-oxldt. 

A.  Monovuadiatev— 6.  Add  Vanadiate  ,... 


Page 


^41 


S44 


345 


545 


341 


CONTENTS,  XXXI 

Page 
Cobalt  and  Chromiam. 

Chromate  of  Cobalt-oxide ....                ....  ....                347 

Cobalt  and  Manganese. 

Peroxide  of  Manganese  with  Protoxide  of  Cobalt.— -EarMy 

CobaU       *           ....                 ....                 ....  ....     847 

Cobalt  and  Arsenic. 
Arsenide  of  Cobalt. 

a.  2  pis.  Co  with  3  pts.  As.— 5.  6(Fe;Co;Ca)»As  483 
0. — Tin-white  Cobalt,  Cobaltine,  SmaUine,  Speukohold: 

(Co;Fe;Ni)A8                  ....                 ....  ....     348 

d.-^Tessercd  Pyrites:  Co'As*         ....  ....                 349 

Arsenite  of  Cobalt-oxide  1             ...                ....  ....    349 

Aiseniate  of  Cobalt-oxide. 

a.  Terbasic;  CobaU-hhom ;  CobaJt-eoaHng  ....                 349 

b.  Acid  Arseniate                  ....                 ....  ....     351 

Sulpharsenite  of  Cobalt.— 2Co8,AsS'   ....  ....                361 

Sulpharseniate  of  Cobalt— 2CoS,A8S'             ....  ....     351 

Sulphide  of  Cobalt  with  Arsenide  of  Cobalt :  CobaU-glanee. 

CoAs,Co8*j                ,^                ....  ....                351 

Cobalt  and  Antimony. 

Antimonide  of  Cobalt....                 ....                ....  ....     353 

Antimonite  of  Cobalt-oxide                   ....  ....                353 

Antimoniate  of  Cobalt-oxide]        ....                 ....  ....    35 

Sulphantimoniate  of  Cobalt                  ....  ....                353 

Cobalt  and  Tellurinm. 

Tellurite  of  Cobalt-oxide               ....                ....  ....     353 

Tellurate  of  Cobalt-oxide  ....                ....  ....                353 

Sulphotellorite  of  Cobalt               ....                 ....  ....    353 

Cobalt  and  Zinc. 

Alloy  of  Zinc  and  Cobalt   ....                ....  ....                353 

Cobaltoxide  with  Zinc-oxide :  J7mman*«  Gremi  ....                353 

Sulphate  of  Cobalt-oxide  and  Zinc-oxide         ....  ....    354 

Cobalt  and  Tin. 

Alloy  of  Cobalt  and  Tin     ....                ....  ....                354 

Stannate  of  Cobalt-oxide               ....                ....  ....    354 

Cobalt  and  Iron. 

Alloy  of  Cobalt  and  Iron  ....                ....        ;j  ....                354 

Other  Compoundis  of  Cobalt                 ...,  ,,„             354 


XXXn  CONTENTS. 

Page 
Chaptek  XXXIV.    NICKEL. 

Memoire,  &c.j  relating  to  Nickel  ....  ....  ....     364 

History. — Sources. — Preparation      ....  ....  ^^.  355 

Properties  ....  ....  ....  ....  ....    361 

Compounds  of  Nickel.  ^ 

Nickel  and  Oxygen. 

Nickel-oxido. — NiO           ....  ....                 ....                 3d2 

Hydrate  of  Nickel-oxide       ....  ....                ....    363 

Nickel-salts                 ....  ....                ....                363 

Peroxide  of  Nickel.— Ni"0^          ....  ....                 ....    365 

Hydrated  Peroxide  of  Nickel  ....                ....                3G6 

Nickel  and  Carbon. 

Carbide  of  Nickel       ....  ....                ....                 ....    366 

Carbonate  of  Nickel-oxide. 

H  fl.  Basic  Carbonate:  Emerald-nickel, — ^NiO,CO^  + 

2(NiO,3HO)         ....  ....                 ....                 366 

b,  Monocarbonate  ....                ....                 ....    3G7 

Nickel  and  Boron. 

Borate  of  Nickel-oxide      .«. .  ....  ....  368 

Nickel  and  Phosphorus. 

Phosphide  of  Nickel. 

a.  Containing  but  a  small  quantity  of  Phosphorus      ....    368 

6.  Triphosphide          ....                 ....  ....                 368 

Hypophospkite  of  Nickel-oxide     ....  ....                 ....    368 

Phosphite  of  Nickel-oxide...                 ....  ....                 368 

Pliosphate  of  Nickel»oxide. 

a.  Triphosphate. — b.  Acid  phosphate  ....                     369 

Pyrophosphate  of  Nickel -oxide  j          ....  ....                 369 

^  Metaphosphate  of  Nickel-oxide     ....  ....                  ....     309 

Nickel  and  Sulphur. 

Disulphide  of  Nickel  ...  ....  ....  309 

Protosulphide  of  Nickel:  Capillary  Pyritei      ....  ....     87O 

llydrosulphate  of  Nickel-oxide  ....  ....  371 

Bisulphide  of  Nickel  ....  ....  ....  ....     371 

Hyposulphite  of  Nickel-oxide  ....  ....  371 

Sulphite  of  Nickel-oxide. 

a,  Basic. — b,  Monosulphite   ....  ....  ....    372 

Hypo8u1|'hate  of  Nickel-oxide  ....  ....  373 

Sulphate  of  Nickel-oxide. 

a.  lkii«ic. — ft.  Monosulphate  ....  ....  ....     373 

Sulphocarhonato  ....  ....  ....  374 

Nickel  an<l  Selenium. 

Bclcnite  of  Nickel-oxido. 

a.  Iklonoseleuite.— 6.  Biselouite  ....  ....    374 


CONTENTS. 


XXXIU 


Page 

Seleniate  of  Nickel-oxide  ....                ....                ....  374 

Nickel  and  Iodine. 

Iodide  of  Nickel         ....                ....                ....  ....    374 

Hydriodate  of  Nickel-oxide          »..                ....  376 

Hydrated  Oxy-iodido  of  Nickel !  ....                ....  ....     875 

lodate  of  Nickel-oxide       ....                 ....                ....  376 

Nickel  and  Bromine. 

Bromide  of  Nickel      ....                 ....                ....  ....    376 

Hydrobromate  of  Nickel-oxide     ....                 ....  376 

Bromate  of  Nickel-oxide               ....                ....  ....    377 

Nickel  and  Chlorine. 

Chloride  of  Nickel              ....                 ....                ....  377 

Hydrochlorate  of  Nickel-oxide                ....  ....    378 

Hydrated  Oxychloride  of  Nickel          ....                ....  37B 

Chlorate  of  Nickel-oxide               ..»•               ....  ....    378 

Nickel  and  Fluorine. 

Fluoride  and  Oxyfluoride  of  Nickel                 ....  ....    379 

Nickel  and  Nitrogen. 

Nitride  of  Nickel  I             ....                ....                ....  379 

Nitrate  of  Nickel-oxide. 

0.  Basic. — b.  Mononitrate     ....                ....  ....    379 

Niccolate  of  Ammonia       ....                ....                ....  379 

Carbonate  of  Nickel -oxide  and  Ammonia. 

a.  With  excess  of  Carbonate  of  Ammonia  ....    379 

b.  With  excess  of  Nickel-carbonate                ....  380 

Phosphate  of  Nickel-oxide  and  Ammonia       ....  ....    380 

Hydrosulphate  of  Nickel-oxide  and  Ammonia         ....  380 

Ammonio- hyposulphite    of   Nickel-oxide.  —  2NH'  + 

NiO;3202+6Aq ....                 ....  380 

Ammonio -hyposulphate   of  Nickel-oxide.  -^  3NH'-f 

NiO,S*0*            ....                ....                ....  ....    380 

Ammonio-sulphate  of  Nickel-oxide.— 3NH*  -h  NiO^O'  381 
Niccolo-sulphate  of  Ammonia.— NH*0,NiO-fNH<0^0»  .  381 
Sulphate  of  Nickel-oxide  and  Ammonia.— NH^  0,80' -f 

NiO,SO'-f6Aq ....                 ....  381 

Ammonio-iodide  of  Nickel. 

a.  Terbasic— 3NH3,NiI        ....                 ....  ....     381 

6.  Bibasic— 2NH»,NiI                   ....                 ....  382 

Niccolo-iodate  of  Ammonia.— NH^NiO  -f  NH*,IO*  ?  382 

Ammonio-bromide  of  Nickel. — 3NH«,NiBr            ....  382 

Ammonio-bromate  of  Nickel-oxide                  ....  ....    383 

Ammonio-chloride  of  Nickel.— 3NH',NiCl             ....  383 

Chloride  of  Nickel  and  Ammonium.— NH^Cl^NiCl  +  12Aq.     383 

Fluoride  of  Nickel  and  Ammonium     ....                ....  384 

Niccolo-nitrale  of  Ammonia.— NH',NiO-fNH'0,NO*  ....    384 


^^^^^^I»r          ^^^^                              ^^^* 

■■ 

^^^^B         Nickel  and  Potassium, 

*^ 

^^^^^^B                 Niccotatc  of  Poinali 

384 

^^^^^^^H                 Sulphate  of  Nickel-oxide  and  Potash 

....     3fl4 

^^^^^^H                FluorMe  of  Nickel  and  Potassium 

3S5 

^^^^^^B         Nickel  and  Sodium. 

^^^^^^^B                 Niccolnte  of  Soda 

...,   3a& 

I^^^^^^H                 Nickel-oxide  with  Fluxes  „.. 

3d» 

I^^^^^B           ^  Mctaphosphate  of  Nickel-oxide  and  Soda 

..     3«5 

^^^^^H         Nickel^  Barium^  and  Strontium, 

^^^^^^H                Niccokte  of  Baryta  and  Niccolato  of  Strontia 

360 

I^^^^^H         Nickel  and  Calcium. 

■ 

^^^^^^H                Niccolate  of  Lime                 ,.., 

m   ^1 

^^^^^B         Nickel  and  Ma^neeium. 

^^^^^^^H                Niccolate  of  Magnesia 

3a6 

^^^^^B                Pho<iphate  of  Niekel-oxide  and  Magnem 

,..   sae 

^^^^^^H         Nickel  and  Aluminum. 

^^^^^^1                Aluminateof  Nickel-oxide                                      ,.m 

aa6 

i^^^^^H               Fluoride  of  Alamiaum  and  Nickel 

...   Me 

^^^^^^H        Nickel  and  Silicium. 

d 

^^^^^^H                Hydrated  Fluoride  of  SilicUim  and  Nickel.— NiF^SiP  +  7Aq.  Slid      ^| 

^^^^^H               Glaaa-flnxei  conlaimug  Nkkd      .,., 

....     386       H 

^^^^^m         Nickel  and  Tungsten, 

^^^^^^K                Tuugsiate  of  Nickel-oxide.... 

386 

i^^^^^H                       a.  Monotungstate. — b,  Bitungstate 

....   aae 

^^^^^H               Stilphotofigstate  of  Nickel,— NiS,W8'.,., 

887 

^^^^^^P        Nickel  and  MoljlMlenum. 

;^^^^H               MolybdatoofNlckeLoxida 

....    387 

^^^^^H                SulpliomoljbdAto  of  Nickel.— NiS.MoS^ 

387 

^^^^^P              Pemulphomol^bdate  of  Nickd.— NiS^MoS'     .... 

....    387 

^^^V              Nickel  and  Vanatlium. 

^^^^^^H                y anadiat e  of  N  ickc t -oxid e. 

383 

,^^^^^B        Nickel  and  Cbromium. 

^^^^^^H               Chrgmato  of  Nickel-oxide. 

J 

I^^^^^^P                     a«  Xrnnochromate. — 6.  Acid  Chromate    ... 

,      :^l      ■ 

^^^K^        Nickel  and  Araenio. 

■ 

^^^^K              Anenide  of  NickeK 

a»    1 

I^^^H                     a.  Wilk  vcrx  little  Aneitie 

^^^^H                      K  With  4  At,  Ajvenic  t  Fl^mdim 

am     ■ 

^^^^H                    c.  TrkaTMUiide  :  Co^/r-tpr iff 

388        H 

CONTENTS.  XXXV 

Page 

d,  Diarsenide  :  •  Copper^nickel                   ....  ....     389 

e.  Mono-arsenide:  White  Niek^lpifrmi  ....                389 

Arsenite  of  Nickel-oxide               ....                ....  ....    390 

Arseniate  of  Nickel-oxide :  Nickel-ochre  ....                390 

Bisulphide  of  Nickel   with    Froto-arsenide    of  Nickel: 

Nickel-glance       ....                 ....                 ....  ....     391 

Sulpharsenite  of  Nickel.— 2NiS,AsS»   ....  ....                392 

Sulpharseniate  of  Nicke].--3NiS» AsS^  and  2NiS,A8S«      ....    392 

Nickel  and  Antimony. 

Antimonide  of  Nickel :  ArUimonial  Niekel  ....                392 

Antimoniate  of  Nickel-oxide         ....                 ....  ....     393 

Bisulphide    of   Nickel   with    Antimonide  of  Nickel; 

Nickeliferous  grey  Antimony ,  HartmatiniU  ....                 393 

Sulphantimoniate  of  Nickel.— 3NiS^8bS*        ....  ....    393 

Nickel  and  Tellarium. 

Tellurite  of  Nickel-oxide  ....                 ....  ....                393 

Tellurate  of  Nickel-oxide              ....                 ....  ....    393 

Sulphotellurate  of  Nickel ....                ....  ....                393 

Nickel  and  Bismuth. 

Alloj  of  Nickel  and  Bismuth         ....                 ....  ....    393 

Sulphide  of  Bismuth  and  Nickel :  Ntckel-bUmuth-gUmce  393 

Nickel  and  Zinc. 

Alloy  of  Nickel  and  Zinc              ....                 ....  ....     394 

Sulphate  of  Nickel-oxide  and  Zinc-oxide  ....               394 

Nickel  and  Tin. 

Alloy  of  Nickel  and  Tin               ....                ....  ....    394 

Nickel  and  Lead. 

Alloy  of  Nickel  and  Lead ....                ....  ....                394 

Plumbite  of  Nickel-oxide             ....                ....  ....    394 

Nickel  and  Iron. 

Alloys  of  Nickel  and  L*on ....                ....  ....                394 

Meteoric  Iron       ....                  ....                 ....  ....     395 

Niccolate  of  Ferrous  Oxide,  and  Ferrite  of  Nickel-oxide  396 

Carbide  of  Nickel  and  Lx)n           ....                ....  ....     396 

Sulphide  of  Nickel  and  Iron  :  Iron-nickel  Pyrites  ....                396 

Sulphate  of  Nickel-oxide  and  Ferrous  Oxide  ....  ....    397 

Nickel  and  Cobalt. 

AUoy  of  Nickel  and  Cobalt                   ....  ....                397 

Other  Compoundis  of  Nickel          ....              ....  ....    397 


XXXVl  CONTENTS. 


Chaptkk  XXXV.    COPPER. 


P^ 


Memoirs.  &c. — ^History. — Sources.  ....  ....                ....               397 

Preparation            ....                ....  ....                ....                ....    398 

Properties  ....                ....                ....  ....                ....                400 

Compounds  op  Copper. 

Copper  and  Oxgyen      ....  ....               ....               ....    402 

Cuprous  Oxide.— Cu'O       ....  ....                 ....                403 

Uydrate  of  Cuprous  Oxide  ....                ....                ....    405 

Cuprous  Salts            l...  ...                ....                406 

Cnpric  Oxide.— CuO  ....  ....                 ....                 ....     406 

Uydrate  of  Cupric  Oxide  ....                ....               407 

Cupric  Salts        ....  ....                 ....                ....     408 

Peroxide  of  Copper  ?          ....  ....                ....                413 

\  Cupric  Acid  ?              ....  ....                 ....                 ....     413 

Copper  and  Hydrogen. 

Hydride  of  Copper  ?          ....  ....                ....               413 

Copper  and  Carbon. 

Carbide  of  Copper      ....  ....                ....               ,...    414 

Carbonate  of  Cupric  Oxide. 

a.  Dicarbonate. 

a.  Anhydroof:  MysoUne  ....                    m..                   414 

/3.  Hydrated:  Malackitt  ....                    ....                    ....     414 

h.  Sesquicarbonato     ....  ....                ....                416 

c.  Acid  Carbonate  ....                ....               ,...    416 

Copper  and  Boron. 

Borate  of  Cupric  Oxide      ....  ....                ....                415 

Copper  and  PLospboras. 

Phosphide  of  Copper,— a.  Cu*P  ....                ....                ....    41o 

b.  Triphosphide          ....  ....                 ....                416 

c.  Diphosphide    ....  ....                ,..,                 ....    417 

Hypophosphite  of  Cupric  Oxide  |"....                ....               417 

Phosphite  of  Cupric  Oxide  ....                ....                ....    417 

Phosphate  of  Cupric  Oxide. 

a.  Sexhasic                 ....  ....                 ....                418 

b.  Quintobasic  :  Phosphoroeakiie  or  Pseudo-malaehiU ....     418 

c.  Quadrobasic :  Liebethenite  ....                 ....                419 

d.  Terbasic         ...  ....                 ....                 ....    419 

e.  Bibasic  :  TrombolUe  ....                 ....                 419 

/.  Acid  Phosphate  ....                 ....                 ....    419 

Pyrophosphate  of  Cupric  Oxide  ....                 ....                419 

^  Metaphosphate  of  Cupric  Oxide  ....                ....                ....    420 


CONTENTS.  XXXYU 

Page 
Copper  and  Sulphur. 

Disulphide  of  Copper :  Copper^glanee   ....  ....                 422 

Protosulpliide  of  Copper :  Indigo  Copper,  Blue  Copper,  or 

BreithaupHte              ....                  ....  ....                 422 

Pentasulphide  of  Copper               ....                 ....  ....    422 

Hyposulphite  of  Cuprous  Oxide    ....                 ...  ....     423 

Sulphite  of  Cuprous  Oxide                    ..  ....                423 

SulphiteofCupric  Oxide  ....                 ....  ....                 424 

Hyposulphate  of  Cupric  Oxide. 

a.  Quadrobasic           ....                 ....  ....                 424 

b.  Monobasic       ....                 ....                 ....  ....     425 

Sulphate  of  Cupric  Oxide. 

a.  Octobasic. — b.  Quadrobasic:  BrocharUite  ....                 425 

c.  Bibasic!          ....                 ....                 ....  ....     426 

d.  Monobasic :  Sulphate  of  Copper,  Blue  Vitriol  427 

a.  Mono-hydrat«d. — ff.  Bi-hydrated — y.  Penta-hydratcd  430 

Carbosulphide  of  Copper  f  ....                ....  ....                430 

Sulphocarbonate  of  Copper           ....                ....  ....     431 

Cuprous  Hyposulphophosphite. 

a,  Bibasic:  2Cu»S^.-6.  Monobasic:  Cu'S^S  431 

Cupric  Hyposulphophosphite. — CuS  J*8            ....  ....    43 1 

Cuprous  Sulphophosphite.— 2Cu'8,PS='  ....                431 

Cupric  Sulphophosphate. 

a.  Octobasic:  8Cu8,PS'.— 6.  Bibasic:  2CuS^S»       ....     432 

Copper  and  Selenium. 

Diselenide  of  Copper,  or  Cuprous  Selenide  ....                432 

Protoselenide  of  Copper,  or  Cupric  Selcnide     ....  ....     432 

Selenite  of  Cuprous  Oxide....                 ....  ....                432 

Selenite  of  Cupric  Oxide. 

a,  Basic— 6.  Monoselenite  ....                433 
Seleniate  of  Cupric  Oxide              ....                 ....  ....     433 

Copper  and  Iodine. 

Diniodide  of  Copper,  or  Cuprous  Iodide  ....                433 

lodate  of  Cupric  Oxide                  ....                ....  ....     434 

Periodateof  Cupric  Oxide...                 ....  ...                434 

Copper  and  Bromine. 

Dibromide of  Copper,  or  Cuprous  Bromide      ....  ....     435 

Hydrobromate  of  Cuprous  Oxide ....  ....                435 

Hydrobromate  of  CuprosoH^upric  Oxide           ....  ....    436 

Protobromide  of  Copper,  or  Cupric  Bromide  ....                436 

Hydrobromate  of  Cupric  Oxide                ....  ....    436 

Cupric  Oxybromide,  and  Basic  Hydrobromate  of  Cupric 

Oxide        ...                 ....                 ....  ....                 436 

Bromate  of  Cupric  Oxide. — a.  Sexbasic           ....  ....     437 

b.  Monobasic              ....                 ....  ....                438 


^H       xxxviii           ^^*                                    ^^^^^* 

^ 

ftfe 

^^^^^H          Cupper  and  Chloriue. 

^^^^^^L                Dicblorido  of  Copper^  or  Cuprous  Ckloride     „.. 

43a 

^^^^^^m                Acid  Ilydroclilomte  of  Cuprous  Oxide.... 

43d 

^^^^^B                 Cupric  Os.idi?  ^vitli  Cupmus  CMoride.— 'Cii'Cl^2CuO 

436      ^ 

^^^^^H^               Aqueous  CuproHo-cupric   Chloride,    ar  Hydrocliloraie  of 

■ 

^^^^^^K                         CuprosO'Cupric  Oxide.... 

438       ~ 

^^^^^^B                Frotocbloride  of  Copper,  or  Ctipric  Cldoride    .... 

43a 

^^^^^^B                        Hydra  ted  Protocldorido  of  Copper,  or  Mono^hydro- 

^^^^^V                                clilorate  of  Cupric  Oxide 

439 

^^^^^H                Cupric  Oxy chloride. 

^^^^B                         a.  CuCUCuO       .... 

440 

^^^B                       b,  CuCyiCuO.— nydraied:  A(0k0mit§ 

^1 

^^^^m                   cuCMCuO  y .... 

442 

^^^^^H                 Hypochlorite  of  Cupnc  Oxide 

443 

^^^^^^H                 Chlorate  of  Ciiprle  Oxidoj 

442 

^^^^^H                  Percbloraie  of  Cupnc  Oxide 

142 

^^^^^K         Copper  aDd  Fluorine. 

^^^^^H                  Dif)uoride  of  Copper,  or  CuprouB  Fluoride 

442 

^^^^^H                 FrotoMuoride  of  Copper^   and  Mouobasic  Hydrofluatd  of 

^^^^^H                          Cupric  Oxide 

443 

^^^^^H                 Hydrated  Cupric  Oxyfluoride,  or  Bibusic  llydrotluaie  of 

i 

^^^^^H                          Cupric  Oxide 

443 

^^^^H                 Borofluoride  of  Copper. — OoF^  BF* 

443        J 

^^^^H         Copper  and  Nitrogen, 

■ 

^^^^^H                 Nitride  of  Copper. 

■ 

^^^^^K                       a.  With  very  great  excess  of  Copper 

444      ■ 

^^^^^H                       6.  Bomowhat  richer  in  Nitrogen?..., 

444      ■ 

^^^^m 

444      ■ 

^^^^^H                 Nitrite  of  Cupric  Oxide 

446      ■ 

^^^^^H                 Nitmte  of  Ctipric  Oxide. 

^^^^^H                         a.  Terbasic.— 6.  Monobasic 

446 

^^^^^^B                CuprouR  Oxide  with  Ammoniu 

ii7 

^^^^^^P                 Cupric  Oxide  with  Amtiiouia 

447 

^^^^^H                 Car}>otiatc  of  Cupric  Oxide  with  AmmoQia 

U$ 

^^^^^H                tloride  of  Nitrogen  and  Copper  ? 

44i 

^^^^^H                Cupro-hyposulphate  of  Ammonia  .... 

448 

^^^^H                Ammonio^ulphate  of  Cupric  Oxide.  — 5NH*+S(CuO,80^) 

44« 

449 

^^^^^B                BibaiLiC'Sulphate  of  Cupric  Oxide  and  Ammonia. — 

^^^^ft                        NU%CuO,80' 

4dO 

^^^^^B               6o0qiubiiaic  Sulphate  of  Cupric  Oxide  and  Ammonia  — 

^^^H                       NH'^tiO,280*  .. 

450 

^^^^^^B                Monobnsic  Sulphate  of  Cupnc  Oxide  and  Ammonia. — 

^^^H                        NU'O^SO'+CuO.eO'+aAq.         . 

4A0 

^^^^H                 AmmoQt<Hiiniodidoof  Coppor.^2NU>,CQ*l    .. 

4«t 

481 

^^^^^^^                OiipKihiodat«  of  Animcmia 

4&2 

^^^^V               AmmontodUNvmide  of  Copper 

469 

CONTENTS.  XXxix 

Page 
Ammonio-protobromide  of  Copper. 

a.  6NH»^CuBr.-A.  3NH%2CuBr           ....                 ....  452 

Cnpro-bromate  of  Ammonia.— NII^CuO  +  NH«,BrO*  452 

Ammonio-dichloride  of  Copper      ....                 ....                 ....  453 

Dichloride  of  Copper  and  Ammoniom :    Cuproto-ammonie 

Chloride    ....                  ....                  ....                  ....  453 

Ammonio-protochloride  of  Copper. 

a.  With  3  At.  Ammonia.— 3NH",CuCl   ....                 ....  453 

b.  With  2  At.  Ammonia*— 2NH',CuCl+H0  or 

NH»,CuO+NH».HCl             ....                 ....  463 

c.  With  1  At.  Ammonia.— NH«,Cua      ....                 ....  454 

Protochloride  of  Copper  and  Ammoniam :  Cuprtco-ammonic 

Chloride. 

a.  NH*Cl,Cua  +  2Aq.                ....                  ...  464 

%  b.  NH*a^Cua+4Aq ....                  ...  455 

Cnpro-nitrate  of  Ammonia....                ....                 ....  455 

iT  Azophosphate  of  Cupric  Oxide     ....                ....                ....  450 

Copper  and  Potassinm. 

Alloy  of  Copper  and  Potassium           ....                ....  456 

Cuprous  Oxide  with  Potash           ....                 ....                 ....  456 

Cupric  Oxide  with  Potash ....                 ....                 ....  467 

Carbonate  of  Cupric  Oxide  and  Potash            ....                 ....  458 

Sulphide  of  Copper  and  Potassium       ....                ....  458 

Hyposulphite  of  Cuprous  Oxide  and  Potash. 

a,  K03W  +  Cu«0,S«0^+2Aq.                ....                  ....  458 

b.  3(KO,S*0«)+Cu«0^^0«+3Aq.                     ....  459 

Sulphite  of  Cuprous  Oxide  and  Potash             ....                 ....  459 

Sulphate  of  Cupric  Oxide  and  Potash  ....                 ....  459 

Seleniate  of  Cupric  Oxide  and  Potash              ....                 ....  460 

Diniodide  of  Copper   and  Potassium  :    Cuproso-potassic 

Iodide       ....                  ....                  ....                  ....  460 

Dichloride  of  Copper  and  Potassium :    Cuprgfo-pokusio 

Chloride               ....                  ....                  ....                  ....  460 

Protochloride  of  Copper  and  Potassium  :  Cuprico-potassic 

Chloride    ....                 ....                  ....                  ....  460 

Fluoride  of  Copper  and  Potassium                   ....                ....  401 

Copper  and  Sodium. 

Cupric  Oxide  with  Soda     ....                ....                ....  461 

Carbonate  of  Cupric  Oxide  and  Soda               ....                 ....  461 

Copper  with  Fluxes            ....                 ....                ...  461 

Hyposulphite  of  Cuprous  Oxide  and  Soda. 

a.  2(NaO,S»0«)  +  3(CirO,S«0'')+5Aq ....  461 

b.  3(NaO,S^O«)  +  Cu«0,S"OH2Aq.                  ....  462 

Sulphate  of  Cupric  Oxide  and  Soda                  ....                 ....  462 

Dichloride  of  Copper  and  Sodium:  Cuproso-sodic  Chloride  462 

Copper  and  Barium. 

AUoy  of  Copper  and  Barium  !       ....                ....                ...  462 

c2 


xl  CONTENTS. 

Page 

Cupric  Oxide  with  Baryta !  ....  ....  463 

Sulphide  of  Copper  and  Bariam    ....  ....  ....     483 

Dichloride  of  Copper  and  Barium :  Cuproso-barptie  Chhride       463 

Copper  and  Calcium. 

Cupric  Oxide  with  Lime                ....  ...                 ....    463 

Sulphide  of  Copper  and  Calcium           ....  ....                463 

Cupric  Sulphate  with  Fluoride  of  Calcium  ....                 ....    46.'l 

Copper  and  Magnesium. 

Sulphide  of  Copper  and  Magnesium      ....                ....  463 

Sulphate  of  Cupric  Oxide  and  Magnesia           ....  ....    463 

Sulphate  of  Cupric  Oxide,  Magnesia,  and  Ammonia  4(i3 

Copper  and  Aluminum. 

Aluminate  of  Cupric  Oxide  ....  ....  ....    464 

Fluoride  of  Aluminum  and  Copper      ....  ....  4<M 

Copper  and  Zirconium. 

Zirconate  of  Cupric  Oxide  ....  ....  ....    464 

Copper  and  Silicium. 

Silicide  of  Copper  ....  ....  ....  464 

Silicate  of  Cupric  Oxide. 

a.  Monosilicate. 

a.  Mono-hydrated  :  Emerald-copper  or  DiopUue  ....  464 

0.  Bi-hydrated:  Chrysocolla....                  ....  465 

b.  Quadrosilicate....                 ....                 ....                 ....  465 

Cuprous  Silicofluoride.—Cu'F,SiF'      ....                 ....  465 

Cupric  Silicofluoride.--CuF,8iF*-f  7Aq ....  465 

Cuprous  Oxide  with  Glass-fluxes          ....                 ....  466 

Copper  and  Titanium. 

Hydrated  Fluoride  of  Titanium  and  Copper  ....  ....     466 

Copper  and  Tungsten. 

Alloy  of  Copper  and  Tungsten  ....  ....  466 

Tungstate  of  Cupric  Oxide. 

a.  Monotungstatc. — b.  Bitungstate  ....  ....     466 

Sulphotungstate  of  Copper.— CuSjWS"  ....  466 

Copper  and  Molybdenum. 

Alloy  of  Copper  and  Molybdenum                    ....  ....     467 

Molybdate  of  Cupric  Oxide                   ....  ....                 467 

Sulphomolybdatc  of  Copper. — CuS,MoS'         ....  ....    467 

Persulphomolybdate  of  Copper. — CuS,MOS*  ....                 467 

Copper  and  Vanadium. 

Vanudi.ite  of  Cupric  Oxide. 

a.  Monovanadiate.— 6.  Bivanadiate  ....  467 

Copper  and  Chromium. 

( ■liromate  of  Cupric  Oxide. 

n.  Polybasic .'       ....  ...  ..      467 

i>.  Basic  i — c.  Monochromato  .  ....  466 


CONTENTS.  xli 

Page 

Chromate  of  Gopric  Oxide  and  Ammonia  ....                468 

Copper  and  Uranium. 

Phospliate  of  Uranic  Oxide  and  Gopric  Oxide :  Chaikoliie  ....    468 

Copper  and  Manganese. 

Alloy  of  Copper  and  lianganeBe          ....  ....               488 

Peroxide  of  Manganese  with  Cnpric  Oxide:    Cupreous 

Manganese           ....                 ....  ....                 ....     468 

Permanganate  of  Cnpric  Oxide             ....  ....                468 

Copper  and  Arsenic. 
Arsenide  of  Copper. 

a.  Containing  bnta  small  quantity  of  Copper  ....    470 

b.  CuT.— <?.  Cu'P     ....                ....  ...                470 

Arsenite  of  Cupric  Oxide. 

a.  Mono-axBenite  t  Scheele^i  Green  ....                 ....     470 

b.  Acid  Arsenite         ....                 ....  ....                470 

Arseniate  of  Cupric  Oxide. 

a.  Octobasict  Copper-miea     ....  ....                 ....     471 

b.  Pentabasic. 

a.  Bi-hydrated:  Erinite         ....  ....                471 

p.  Penta-hydrated :  Aphaneee  ....                 ....     471 

y.  Deca-hydrated  :  Leiroohroiie  ....                472 

c.  Quadrobasic. 

a.  Mono-hydrated :  OUvenite..,.  ....                472 

0.  Hepta-hydrated:  Euchroiie  ....                ....    473 

y.  Deca-bydrated :  LtroconUe  ....                473 

d.  Terbasic          ....                 ....  ....                 ....     473 

Cupric  Sulpharsenite. 

a.  l2CuS,As8».— 6.  3CuS,As8*     ....  ....                474 

c.  2CuS,A8S*      ....                 ....  ....                 ....     474 

Cupric  Sulpharseniate. — 2CuSyAs8^      ....  ....                474 

Copper  and  Antimony. 

Antimonide  of  Copper                   ....  ....                 ....     474 

Antimonic  Oxide  with  Cuprous  Oxide....  ....                474 

Antimonite  of  Cupric  Oxide         ....  ....                 ....    475 

Antimoniate  of  Cupric  Oxide                ....  ....                475 

Cuprous  Sulphantimonite  :     Antimonial  Copper-glance, — 

Cu«S,8bS»            ....                 ....  ....                 ....    476 

Cupric  Snlphantimoniate. — 3Cu8,8bS' ....  ....                476 

Antimonide  of  Copper  and  Potassium  ....                  ...    476 

Copper  and  Tellurium. 

TeUuride  of  Copper           ....                ....  ....                477 

Tellurite  of  Cupric  Oxide              ....  ....                 ....    477 

Tellurateof  Cupric  Oxide ....                 ....  ....                477 

Sulphotellurite  of  Copper,— 3Cu8,TeS*  ....                 ....     477 

Copper  and  Bismuth. 

Alloy  of  Bismuth  and  Copper              ....  ....                477 

Sulphide  of  Bismuth  and  Copper :  C<>pf»ffr-6t«mti/A-p/anc«    ....    477 


M  E  T  A  L  S, 

(Contintud.) 


Chaptbb  XXVIII. 

ZINC. 


BemnaiL     De  mineris  Zinci.     Opusc.  2,  209. 

De  Lassonne.     Crell.  Ckem.  Joum.  S,  165,  and  5,  59. 

A.  Vogel.     .Sfe^ii^.  11,  408. 

SchincUer.    Mag.  Pharm.  31,  167;  36,  43. 

Wackenroder.     Ann,  Pharm.  10,  63;  11,  151;  42,  348.— i\r.  Br.  Arch. 

16,  133. 
Kane.    Ann.  Chim.  Phys.  72,  290. 


Synonymes.    Spelter,  Spiauter,  Zink,  Zinmm. 

History.  The  ore  of  zinc  called  Calamine^  or  Cadmia, — ^but  not  the 
pare  metal — was  known  to  the  ancient  Greeks  and  used  in  the  manu- 
factore  of  brass.  The  metal  zinc  was  first  mentioned  by  Paracelsus;  it 
was  for  a  long  time  imported  from  the  East,  but  since  the  middle  of  the 
eighteenth  century,  it  has  been  prepared  in  Europe. 

Sources.  As  oxide;  as  carbonate;  as  sulphide;  as  sulphate;  as 
alaminate;  as  silicate;  as  a  compound  of  ferric  oxide  with  zinc-oxide; 
and  as  a  double  carbonate  of  copper  and  zinc. 

Preparation.  Native  carbonate  or  silicate  of  zinc-oxide,  freed  by 
previons  roasting  from  carbonic  acid  and  water— or  zinc-oxide  obtained  by 
prolonged  roasting  from  the  native  sulphide — or  zinc-oxide  which  has 
sublimed  in  the  upper  part  of  the  furnace-shaft  during  the  fusion  of  other 
ores,  is  mixed  with  about  j-  of  its  weight  of  charcoal-powder,  and  heated 
to  a  low  white  heat  in  retorts  or  retort-like  vessels  of  earthenware  or 
iron:  the  zinc  is  then  reduced  and  volatilized,  and  condenses  in  the  colder 
part  of  the  apparatus.  In  Silesia,  the  mixture  of  zinc-oxide  and  charcoal 
or  coke  is  heated  in  muffles  3  feet  long  and  1^  foot  high,  six  of  which 
(three  side  by  side)  are  laid  in  one  furnace.  The  evolved  mixture  of 
carbonic  oxide  gas  and  zinc  vapour  passes  from  the  upper  and  fore  part 
of  the  muffles,  through  a  knee-shaped  channel,  horizontal  in  the  nearer 
and  directed  downwards  in  the  farther  part,  and  the  zinc  condenses 
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Cotntnercial  «ii)c,  wlien  di«soU-cd  in  dilute  eulplittne  aoiJ,  !«*▼€«  i 
blark  |»owder.     In  Silesian  zinc,  this  rcsiclur  iimouul*!  to  2jp*i  •! 

comiuU    of   suIpLidc    of    leud  and    charroal    HpliuUrs*     (Wi»  i  .) 

A.  \ogo\  found  in  thi«  Mack  jwwder,  cju-b<iii»  Huljdiur,  lead,  tiiid  iruaj 
Jacfitii^laiii  found  carbon,  Icud,  und  iron:  lie  likewifli*  obtained  tbe  ffJMili 
rtsiduu,  but  ccmtaining  loss  l«^ud,  by  distilling  line  in  a  strvmtii  of 
Lj^lrogcn.  O.  Burrud,  by  reducing  m  a  cbarcoul  crucible  iKc  powder 
wbicb  remained  ikhvr  diji*olvin^  liuc  in  dilute  sulphuric  acid,  obt^iiod  all 
alloy  wjttlaiuiug  58  (J  p.c.  tin,  34\5  leutl,  5  5  tulpbur,  with  tracee  of  irai 
ood  iuan^^aiie»e« 

/Vr(/raf*on<     1.  Tbo  xine  \s  distilled  once  or  twice  ^^itbe^  in  an 

*    n    frturt  (the  Dtck  of  whrcb,  liuwcvcr,  i«  ^wn\  eloj  ped  up  hy  tie 

^l  ;iuc),  or  iiIm  in  an  earthen  or  ircu  crucible^  into  the  bottom  o 


tliefeia  and  dropg  down  from  ite  lower  apeirtnre-  Part  of  ihe  tine 
vapourj  and  likewise  eome  cadniiura  vapour,  escapes  nnconden&ed  together 
with  the  carbonic  oxide  gas,  and  bums  in  the  air,  producing  the  substance 
called  SiUwn  Zinc-flow&i's,  {SchlfsUche  Zinkblum^n,)  In  Li^ge,  the 
reduction  k  performed  in  earthenware  tubes,  laid  side  by  eidc*  The  «nc, 
as  it  condenses  in  the  fore  part  of  these  tubes,  h  8cra|>ed  out  from  time 
to  time  in  the  liquid  state.  In  England,  a  number  of  cast-iron  pota  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of 
each  of  these  pota  there  passes  a  tube  open  at  both  ends*  The  Teasels 
are  filled  with  the  UTixture  to  such  a  height  as  not  to  stop  up  the  upper 
end  of  the  tube,  then  closed  with  a  well-fitting  cover,  and  heated.  Ihc 
zinc  drops  down  from  tlio  part  of  the  tube  which  descends  from  the 
bottom  of  the  crucible.  Tliis  process  is  called  Destillatio  f^fr  d^scaimtn^,^ 
2.  At  Goslar,  zinc  is  obtained  as  a  secondary  product  in  the  smelting  of 
lead  ores,  The  zinc  vapours  condense  iu  the  upper  half  of  the  furiiacet 
and  run  down  from  the  shaft  upcn  a  slanting  stone  called  the  tinc-UooL 
{ZinksiuhL)  The  zinc  thus  obtained  is  melted  in  iron  pota  and  potured 
out  on  tables. 

Commercial  zinc  may  contain  charcoal^  sulphur,  inanganeaet  arseiUHH 
antimony,  catlmium,  tin,  lead,  iron,  cobalt,  nickel,  and  copper.  Unmiii^^l 
has  iikewiso  been  mentioned  as  an  impurity  in  i\i\c,  but  probably  copp^^i 
was  mistaken  for  it.  Carbon  is  contained  m  xinc  in  the  form  of  ehanwal 
Eidinters,  according  to  Wackenroder,  and  as  carbide  of  zinc,  according  to 
Gren,  Beraeliue,  and  Schiudler.  East  Indian  stino  contains  only  0*43  per 
cent*  of  lead  and  (J'24  of  iron.  (Bonnet.)  Silesian  zinc  contains  a  larjr© 
quantity  of  ca<bniunT»  bolides  charcoal,  Icad^  iron,  and  a  verv  small 
Quantity  of  copper.  (Wackenroder,  Janson.)  Houton  Labillardiere  and 
G*  Barruel  {Vmtpt,  rend.  14,  724;  also  X  jor.  C/irtn,  26,  383)  found  tin 
in  several  sorts  of  zinc.  Three  samples  of  East  Indian  zinc  wei«  foimd 
by  U'ittfitein  (li^rrt,  55,  193)  to  give  the  results  a,  b,c;dietji  analym 
liy  Jacquelain  {Compt,  raid.  14,  030;  also  J^  pr,  CAcm,  20^29$)  of  a 
sample  of  unknown  origin. 
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which  ia  lated  a  tube  open  at  both  ends  and  reaching  nearly  to  the  top; 
the  mouth  of  the  crucible  is  stopped  with  a  well-fitting  cover. — Wittstein 
{Repert,  61,  220)  introduces  into  an  uncoated  Hessian  retort,  capable  of 
holding  from  24  to  30  ounces  of  water,  4  pounds  of  comminuted  zinc, 
heats  it  gradually  in  a  wind-furnace  covered  with  a  dome  six  feet  high — 
and,  when  the  distillation  has  begun,  which  takes  place  after  an  hour  or 
an  hour  and  a  half,  and  the  zinc  condenses  in  the  neck  of  the  retort, 
scrapes  it  out  with  a  curved  iron  wire,  while  still  liquid,  into  a  basin 
containing  water  and  placed  below  to  receive  it.  If  the  scraping  be  not 
aaddaoaslj  kept  up,  the  neck  becomes  stopped  up  with  solid  zinc;  if  the 
neck  is  too  short,  some  of  the  zinc  burns  awaj.  This  process  yields  about 
B\  pounds  of  zinc,  still  containing  cadmium;  a  greenish  jeflow  powder 
remains  in  the  retort. — Jacquelain  {N,  Ann.  Chim,  Phys,  7,  199)  distils 
the  line  in  a  current  of  hydrogen.  The  hydrogen  is  evolved  in  a 
Woulfe's  bottle  from  purified  sulphuric  acid,  zmc,  and  water,  and  made 
to  pass,  first  through  solution  of  potash,  then  through  two  chloride  of 
calcium  tubes,  then  into  a  red-hot  porcelain  tube,  in  which  are  placed 
little  boats  or  dishes  of  porcelain  containing  the  zinc  to  be  purified,  and 
lastly  through  a  knee-shaped  tube  into  oil  of  vitriol.  The  zinc  is 
deposited  in  the  colder  part  of  the  porcelain  tube  (antimony  and  cadmium 
may  be  distilled  in  a  similar  manner). — Distillation,  however,  does  not 
purify  the  zinc  completely,  especially  from  the  more  volatile  metals,  such 
as  cadmium  and  lead;  according  to  Berzelius  and  Dulong  (Ann,  Chim. 
Phys.  15,  888),  the  zinc  after  distillation  contains  the  same  impurities  as 
before. 

2.  Sulphur,  either  alone  or  mixed  with  grease,  is  repeatedly  stirred 
about  with  a  stick  at  the  bottom  of  melted  zinc,  in  order  to  convert  the 
foreign  metals  into  sulphides.  The  more  briskly  the  sulphur  is  stirred 
about,  the  more  complete  is  the  purification:  the  process,  however,  does 
not  remove  the  whole  of  the  lead  and  iron.  (Bonnet,  Schwake,  Ann, 
Pkarm.  9,  184.) 

3.  Commercial  zinc  fused  and  very  hot  is  poured  into  a  deep  bucket 
filled  with  water,  in  order  to  granulate  it  as  finely  as  possible;  1  part  of 
this  granulated  zinc  is  then  placed,  together  with  \  pt.  nitre,  in  a  crucible, 
in  such  a  manner  that  there  may  be  a  small  portion  of  free  nitre  both  at 
top  and  bottom,  and  the  whole  is  heated  in  the  furnace  till  vivid  com* 
bnstion  ensues.  The  crucible  is  then  taken  out,  the  sing  removed,  and 
the  zinc  poured  out.  The  zinc  thus  treated  is  free  from  arsenic  and  iron. 
(Maillet,  J.  Phai-m,  27,  625.) 

4.  To  obtain  perfectly  pure  zinc,  it  is  necessary  to  distil  perfectly 
pure  zinc-oxide  with  lamp-black  (or  charcoal)  in  a  retort,  and  free  the 
product  from  any  charcoal  that  may  be  mixed  with  it,  by  a  second 
distillation:  but  this  distillation,  on  the  small  scale,  is  attcndea  with  many 
difficulties. 

Testing.  The  hydrogen  gas  evolved  on  dissolving  the  zinc  in  pure 
dilute  sulphuric  acid  should  give  no  precipitate  when  passed  throuffh 
solutions  of  lead,  silver,  or  gold  salts;  a  precipitate  would  indicate  the 
presence  of  sulphur  or  arsenic;  it  must  neither  yield  arsenic  spots,  nor 
deposit  metallic  arsenic  when  passed  through  a  red-hot  tube  (IV.  268); 
fuming  nitric  acid  through  which  the  gas  has  been  passed  ought  to 
evaporate  completely  over  the  water-bath :  sulphur,  arfeeuic,  or  antimony 
would  remain  oehind  in  the  form  of  an  acid. — The  zinc  when  dissolved 
in  dilute  sulphuric  acid  must  leave  no  residue.     The  resulting  solution  of 
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zinc-salpliate,  when  siipersatomted  with  sulpliunc  «cid,  must  gi^o  no 

precipitate  with  sulphuretted  hydrogen  (cadiiiium,  copper,  tin)j  metallic 
ziiic  immersed  in  it  should  produce  no  metalHc  deposit  (cadmium,  tin» 
copper).  The  precipitate  which  potash  producer  in  the  BolatioD  of  the 
sulphate  should  be  perfectly  soluble  in  excess  of  the  re*agent  (the  oxides 
of  iron,  copper,  and  cadmium  would  be  left  undissolved)*  The  solution 
of  the  zinc  in  aqua-regia  should  give  no  precipitate  with  chloride  of 
barium^ — that  is  to  sa^y^  it  must  be  free  from  salphuric  acid. 

Fropertiei,  Crystallizes  in  long,  regular,  six-sided  prisms.  (Nogge- 
rath,  Po(ig.  39,  324.)  According  to  former  statements,  it  cr}'»talliie!S  ia 
four-sided  prisms  and  needles.  Zinc  containing  from  3  to  4  per  cent  of 
iron  was  found  by  Liiurent  and  Holms  {Ann.  Chim,  Phys.  60,333)  in  the 
cracks  of  the  earthen  tubes  in  which  it  had  been  distilled,  crystallixed 
in  rhurahic  prions,  IT.  Niekles  (iV,  Ann.  Chim.  Fht/»,  22,  37)  etatw 
that  zinc  prepared  by  Jacquelain's  method  of  distillation  in  a  current  of 
hydrogen,  crystallizes  in  well-defined  pentagonal  dodecaliedroua  :  hcnoe 
it  is  dimorphous.  %,  Zinc  has  a  broadly  laminar  texture.  It  \s  mode- 
rately hard,  difficult  to  file,  and  when  bent  after  fusion,  emits  a  crack- 
ling noise,  but  not  so  loud  ns  tin*  If  hammered  with  great  violence,  H 
splits  in  the  direction  of  the  cleavage-planes;  but  by  careful  pre&Muret 
whereby  it  lose^  its  crystalline  structure,  it  may  be  rendered  ductile,  and 
may  then  be  extended  mU*  thin  plates  or  wires.  Acconling  to  Hobson 
ana  Sylvester  (Gilb.  24,  104),  it  exhibits  its  greatest  def;free  of  ductility 
and  malleability  at  temperatures  between  100  and  150  ;  at  205",  on 
the  contrary,  it  is  so  brittle  that  it  may  be  pounded  in  a  mortar.  Hence, 
to  obtain  sine- plate,  or  zinc- foil,  the  metal  cast  in  a  tabular  form  ia 
heated  in  a  boiling  solution  of  common  salt,  and  then  passed  between 
rollers.  To  obtain  pulverized  stinc,  on  the  other  hand^  the  melted  metal 
is  poured  into  a  strongly  heated  crucible,  and  the  heated  mn-  '  :ly 
rubl>cd  and  stirred  with  an  iron    pestle   till   it   solidifies.   (Bin  t, 

Pharm,  34,  85.) — The  specific  gravity  of  commercial  zinc  sol idj tied  alter 
fusion  is  6*861  (Brisson) ;  of  purified  zinc,  6fn54  (Karsten);  of  rolled 
oommercial  zinc,  7*1908  (Drisson).  Zinc  has  a  bluiis<b  grey- white  colour, 
and  a  strong  lustre.     Fuses  at  260"  (Black),  at  374^  (Morveau),  at  I  If* 

fDaniell),  and  Imils  at  a  white   heat.     Cuotjuet^  strongly  lu  solidtfying 
rom  fusion  (Marx). 

Atrmiic  WtiffhL  32'2(J,  BerEoIlus ;  33'a^,  Jac^iaekin;  33,  Farre 
{Ann.  Pharm.  48,  103). 


Compounds  of  Zinc* 

A,  Sah'O^iJe  iif  Zinc  f 

Zine  espofiod  to  the  air  at  Drdiaary  temperatures,  becomes  eovtred 
frith  a  thin  grey  film,  which  prevents  the  further  oxidation  of  the  inner 
flMlionN.  Zino  heated  just  to  the  melting  point,  oxidates  E>tiU  more 
mpidliTi  and  fomw  a  grvy  powder,  which,  however,  in  soon  conrerted 
lolo  the  white  oxide.  Berxclius  regard*  ihia  grey  eubtftanec  aa  a  «ttb- 
oxide  ;  rrou«t.  Dary,  and  A.  Vogel  regard  it  lu  a  mixture  of  the  meul 
and  th«»  oxiile. 


ZINC-OXIDE. 


B,  ZrNC-oxii>E.    ZuO. 

Oxide  of  tine,  Protojtide  of  nnc,  Zinkoxyd^  Oryde  ttnctqu^, — Med  nne- 
ore  IS  a  mixture  of  SB  parts  zinc-oxide  and  12  parta  raangaDoso-mangtinio 
oxide. 

Formation,  Zinc  lieated  to  redness  in  tlie  air  burna  witli  a  dazzling 
liluigh  and  greenisli  flame,  and  fonns  xitic-oxide,  whicb  partly  remains  in 
the  crucible,  partly  rises  up  in   the  air,  and  falls  down  again   in   large 

■  flakes — Floivers  of  liuc,  ZinkUumen^  Flores  zinci^  Latta  philosophka, 
Hihilnm  album.  When  it  has  once  taken  fire,  it  continues  to  bom,  even 
after  tbe  crucible  has  been  removed  from  the  furnace,  till  t lie  whole  la 
converted   into  oxide,  provided   it  be    coestantly  stirred  and  tbe  oxido 

I  removed  as  it  forni.^.  (Scmentini.)     Zinc   heated'  in  tbe  air  just  to   the 
melting  point,  is  gradually  converted,  first  into  sub-oxide  ancl   then  into 
oxide. — 2,  At  ordinary  lemperatureB,  zinc  remains^  bright  in  dry  air     If 
water  be  present,  tbe  hyd rated  oxide  is  formed;  and  if  the  air  likewise 
contains   carbonic  acid,  hydrated  basic  carbonate   of  zinc  is  produced. 
Zinc  placed  under  a  receiver  Burrounded  at  the  bottom  with  water  and 
containing  air  free  from  carbonic  acid,   becomes  covered  vvitb   drops  of 
moisture,  and  tarnished  on  the  surface  by  tbe  fonnation  of  a  whitish-grey 
film  of  hydrated  oxide.     But  if  a  piece  of  tarnished  lead  be  placed  under 
the  same  receiver,  though  not  in  contact  with  the  zinc,  tbe  clrops^  uf  water 
are  deposited  only  on  the  Icail,  not  on  the  zinc,  whieb  therefore  reniaina 
bright.    Under  water  which  is  in  contact  with  air  free  from  carbonic  acid, 
ginc  becomes  covered  with  bydruted  oxide  containing  7  per  cent,  of  water. 
Zinc  exposed  to  moist  air  containing  carbonic  acid, — ^to  the  open  air,  fur 
example, — becomes  covered  with  hydrated  basic  carbonate  of  zinc.     The 
same  salt  is   formed  when  zinc  is  exposed  to  the  air  under  water.    (A' on 
iBonsdorff,  Porftj,  42,  32 j.)    When  zinc  is  exposed  to  the  air,  under  water 
containing  ^J-^  of  hydrate  of  potash,  it  turns  greVj  and  forms  white  shining 
lamtnse  of  carbonate  of  zinc  :  no  zinc  is  dissolved  in  the  water,  (A.  Vogel^ 
J*  pr,  Chtin.  14,  107.) — The  following  remarkable  observations  of  Bons- 
dorff  may  likewise  l»e  addcil  in  tbiH  place.     Wbenever  two  metals  are 
'placed — not  in  contact  with  each  oilier — under  a  bell-jar  containing  air 
-and  closed   at  tbe  bottom  with  water,  only  tlie   more  oxidable  metal  is 
bedewed,  and  therefore  oxidntcd  :  e.g.  arsenic  or  lead  placed  in  a  moist 
atmosphere  near  clipper  or  silver.     Copper  or  silver  placed  alune   under 
tbe  bell -jar  condenses  the  dew  on  its  surface.     The  contrary  cUVct  takes 
place  if  the  metals  are  in  ci^ntact ;  thus,  when  copper  is  in  contact  with 
line,  tbe  copper  alone  is  bedewed;  wlien  c«»pper  is  in  contact  with  silver, 
the  condensation  of  moisture  takes  jilaco  only  on  the  silver. — Zinc  does 
Dot  decompose  pure  w^ater  at  ordinary  temperatures;  but  at  a  red  beat 
or  in  presence  of  actdb  or  alkalis,   the  dceompo^^ition  takes  place.     Zinc 
sealed  up  in  a  glass  tnbe  together  with  water  deprived  of  air  by  Injiling, 
feroaios  bright  for  years,  (BousdorfF,  Boutigny,  Ann.  tie  I/i/[/,  puLL  ITj 
^90,)     It  does  not  decompose  pure  water,   even  on  boiling;  and  even 
hen  placed  in  contact  with  copper,   it  docs  not  deeonvpose  pure  water, 
n  t  o n  ly  water  co  n  tai  n  i  ng  a  sal  t .  ( J .  D  a vy ,  A \  Ed ,  Pk  i7,  J,  1 7 , 4  7 . )    ^ V  h  e  n 
aponr  of  water  is  passed  over  zinc  at  a  low  red  lieat,  hydrogen  gas  is  set 
ee,  and  small  crystals  of  zinc-oxide   are  deposited  upon  the  metal  :  if 
lie  zinc  is  strongly  ignited,  the  oxide  sublimes  on  the   tube  in  small 
jngcrystalB.  (Hegnault,  Amu  Chini,  Phys,  62,  350,)     If  the  asinc  is 
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feebly  i^ited,  the  oxide  is  obtained  partly  in  araorpbous  globules,  partly 
in  transparent  rbonibic  laminm.  (Haldat, -Imii,  Chinu  Ph^$.  46,  72.)  Ail 
aciJd  which  retain  their  oxygen  somewhat  strongly— even  weak  acids^ — 
CTulve  hydrogen  gas  with  water  and  jtinc.  The  purer  the  xJnc,  the  more 
slowly  doe*  it  disaolve  in  dilute  ac'idp,  nnless  it  is  in  cont:ict  with  platinum 
or  some  other  electro-negutive  metal  (L  347),  In  aqueous  alkali?,  solu- 
tion takes  place  more  slowly  than  in  acids, ^ — 4.  Ked-hot  zinc  convorU 
carbonic  acid  j^ras  into  carbonic  oxide,  and  forms  with  jihoephoric  acid  a 
mixture  of  phr^phide  of  zinc  and  phosjihatc  of  zinc-oxide.  In  the  mrtl^ 
way,  it  decomfK>se3  sulphurous  acid,  strong  i?ul|jhurio  acid  (on  the  appli* 
cation  of  bent),  selcnic,  clduricj  nitric,  molvbdic,  and  ar.^cnic  acid.  I'rt/m 
the  oxidca  of  arsenic,  auttmuny,  tellurium,  bismuth,  cadmium,  tin,  lead, 
iron^  cobalt,  nickel,  copper,  mercury,  silver,  gold,  platinum,  pallailium^ 
rhodium,  iridium,  and  osmium,  dissolved  in  acidt^,  it  withdraws  all  the 
oxygen  and  precipitates  the  metals,  being  itself  di^olved  in  the  form  of 
oxide;  and  from  the  higher  oxides  of  titanium,  tungsten,  molybdenum, 
chromium,  vanadium,  uranium,  manganese,  and  iron,  dissol red  or  diifused 
in  acids,  it  withdraws  a  part  of  the  oxygen. 

Prfparatlon.  Zinc  ia  heated  nearly  to  combustion  in  a  ca^iacioi 
crucible,  placed  in  the  furnace  in  a  slanting  position — the  surface  of 
metal  frequently  I'enewed — and  the  oxide,  which  ia  deposited  in  wooll 
maases,  removed  from  time  to  time  from  the  crucible,  and  then  rnbl>ed  up  I 
water  and  levigated,  to  free  it  from  adhering  grains  of  metallic  xine!" 
This  process  yields  the  true  Flores  renci,  wliich,  if  they  are  prepar»*d  from 
ordinary  zinc,  likewnbe  coiituin  t!ie  o\ides  of  the  metaltii  with  which  the 
jEinc  itself  is  contaminated*  Hence  Wittatein  recommends  cine  purified 
by  distillation. — 2.  Sulphate  of  Rinc  (or  any  other  solul^lo  zinc-**all)  i$ 
first  prepared  in  a  state  of  purity,  then  mixed  with  an  nlkalino  carbonate 
to  precipitate  the  carbonate  of  zinc,  and  the  latter  thoroughly  wa^hedt 
and  afterwardii  dried  and  ignited.  This  process  givesi  the  xinc- oxide 
prepared  in  the  wet  way :  Zincum  oxydaJtim  vUi  humida  paratmn.^^ 
it.  Preparation  of  the  pure  Zinc-sulphate.  The  white  vitriol  of  c<*mmeree 
cannot  be  vn^ed  for  tbi;!  purpose,  becau;*e  it  usually  coutairo*  ^ulphat«t  of 
magnesia :  the  bc*»t  salt  for  the  purpi>?se  is  that  obtained  Ky  dissolving 
zinc  in  dilute  sulphuric  aci«l.  Since  common  oil  of  vitriol  often  containj 
lime,  and  fuming  oil  of  vitriol  contains  alumina,  it  is  best  to  uso  the 
rectiticti  acid.  The  solution  may  contain — arsenic,  ca<lmium,  tin,  l<»ad 
(a  trace  at  most  of  ihis  last  metal,  since  sulphate  of  lead  ia  nearly  injo- 
lublc),  copper,  mangane!:>e,  iron,  nickel,  and  cobalt.  The  quantety  of 
iron  ditJScjfved  is  least,  according  to  Wackenroder,  when  the  diluto  ^eid 
is  made  to  act  on  tKn  metal  in  the  cold.  By  mixing  the  solution  of  ain<>* 
sulphate  with  puch  a  nuanfity  of  freo  sulphuric  acid  that  a  portion  of  Ibo 
liquitl  treated  with  sulphuretted  hydrogen  water  no  longer  gives  a  whito 
precij>itate  (sulphide  uf  «ine),  then  tiatu rating  it  with  sulphuri*tt(*l 
hydn>gen  gna  and  leaving  it  in  a  closed  vessel  for  several  tlay*,  th«! 
anwmic,  cadniium,  tin,  lead*  and  cc»pper  are  completely  precipitate  J  in  th© 
form  of  sulphides.  The  liouid  is  then  decanted  and  filtered  witboat 
washing — ^le^st  any  portion  ot  the  precipitated  metah  should  re-dissolve— 
and  the  excess  of  j^ulphnrettc*!  hydrogen  expelled  by  b  liling.  If  the 
clilillo  sulphuric  acid  his  Iwcn  allowed  to  act  for  several  wecki«i  in  ao  op<yo 
re«e)«  and  without  henting,  on  granulated  xinc  in  excess,  till  no  more  gSM 
is  oTolvcd,  even  f»n  agitation,  the  metals  jnH  mentioned  as  priwipitable  by 
ftalpburcttcd  hydrogen  are   thrown  down  in  the  metallic  ttate  by  tli 


2INO0XIDE, 

I  exoesfl  of  xmo;  m  that  tbe  solution,  when  acidulated  witli  snlpliuric  acidj 

gives  DO  precipitate  with  sulphuretted   hydro;^cn,   and  consequently  tho 

treatment  with  that  1  tepid  may  be  dispensed  witb.     The  cjidiniuiti,  tin, 

I  lead,  and  copper  may  likewise  be  precipitated  in  tho  metallic  state  by 

*  leaving  the  solution  of  the  zinc-sulphate  for  some  time^  cither  warm  or 

[cold,  in  contact  with  metallic  zinc,  or  by  boiling  it  with  th;it  metal  (Dalk, 

\BcrL  Ja/trfj,  24,  2,  74;  Horst,  Br.  Arch,  7,  75;  Wackeiuuder)  :  in  all 

[eaeee^  however,  a  portion  of  the  solution  thus  puriJiod  should  be  mixed 

I  with  excess  of  sulphuric  acid,  then  siturated  with  sulphuretted  hydrogen, 

[and  left  to  it^^elf  for  a  few  days.     If  a   precipitate   is  thereby  produced, 

the  whole  of  the  solution  must  be  treated  with  sulphuretted  hydrojjen. 

It  still  remains  to  eeparate  any  iron,  cobult,  nickel,  or  mans^^iue^e  that 
I  may  be  present.  If  the  object  m  view  is  the  preparation  of  pure  zinc- 
[•alphate>  the  solution  is  first  freed  from  a  jiortion  of  tho  metals  just 
Imentioned,  and  likewise  from  the  excess  of  acid,  by  evaporating  and 
cool inc:,  and  then  decanting  the  niother-lit^iiid  from  tho  crystals.  The 
cryitals  are  then  re-dissolve*!  in  water;  y*^  of  tho  solution  mixed  with 
rooniite  of  soila  to  precipitate  carbonate  of  leiiic;  tho  precipitate,  after 
wafihingj  diffused  through  the  rest  of  the  solution;  and  chlorine 
'  through  the  liijuid,  which  must  bo  constantly  a^'itated,  till  a 
xrge  portion  of  the  zinc-carbonate  is  dissolved,  and  the  rest  hits  acquired 
^1  brownish  colour  from  admixture  of  ses»juioxido  of  iron  and  tho  peroxides 
I  of  manganese,  cobalt,  and  iiickoK  Tho  li<[uid  is  then  set  aside  for  some 
[time  in  a  warm  place  and  frequently  agitated — afterwards  mixed  with 
tialphurio  acid,  because  a  basic  salt  hits  been  formed  in  the  preceding 
process;  then  evaporated  to  the  crystallbing  point,  and  the  crystals  freed 
I  by  re-crystallization  from  adlicring  chloride  of  zinc.  Tlic  same  end  may 
I lue  attained  by  the  following  methods: — Vcltmann  (Bcrl.  Jahrb,  2Qj  1, 
pj))  mixes  the  solution  of  zinc-sulphate  with  chlorine- water  (which,  how- 
lever,  requires  the  use  of  large  vessels),  and  adds  zinc-oxido  to  it. 
[Schindler  {Mag.  Pharm.  26,  74)  saturates  the  dilute  solution  with 
Ichlorine  (a  concentrated  solution  does  not  absorb  enough)  and  then 
Ugeats  it  with  zinc-oxide.  Boimc't  {Ann.  Pharm.  9,  165)  precipitates 
[•carbonate  of  zinc  from  a  portion  of  the  solution,  washes  it,  ilitrusi?s  it  in 
fwatcr,  passes  chlorine  gas  through  the  liquid,  and  mixes  tho  resulting 
I ©xyi'hloride  of  zinc  with  the  rest  of  the  solution.  Jf,  on  the  other  band, 
[ihe  preparation  of  pure  Jtiuc-oxide  from  t!ie  solution  be  tho  only  object  in 
[Tiew,  the  liquid  is  mixed  with  a  quantity  of  carbonate  of  soda  snrticient 
|io  produce  a  copious  precipitate;  chlorine  gas  passed  through  it,  with 
tion,  till  the  greater  part  of  the  precipitate  is  dissolved;  and  the 
ition  filtered.  (Greve,  Br,  Arch.  22,  40;  Wackenroder.)  Or,  the 
riolution  of  zinc  sulphate  is  mixed  with  chloside  of  soila,  then  left  to  itself 
ifor  24  hours,  and  carbonate  of  soda  cautiously  added  till  a  perfectly  white 
Iprecipitate  begms  to  f<^rm.  (Janseu,  Mcvj.  Pkarm.  26,  74;  Herberger, 
\Jt^pert,  48,  382;  Frederksng,  Hepert,  5G,  72.)  Tho  chloride  of  soda  must 
Ike  prepared  with  carbonate  of  soda  and  ciilorine  gtis,  not  with  carbonate 
[of  soda  and  chloride  of  lime,  because  in  that  case  it  might  contain  lime. 
I  Hermann  {^cAw.  40,  249)  mixes  the  solution  with  chloride  of  lime  con- 
liiiinitig  excess  of  lime;  evaporates  the  liquid  to  the  crystallizing  point; 
heparat^s  tho  crystals  from  the  mother  litjuid,  which  may  still  contain 
IcoWlt  and  nickel;  dissolves  them  in  the  smallest  pos^^iblo  quantity  of  cold 
I  water,  and  filters  to  separate  gypsum.  Zinc  oxide  thus  prepared  may 
l€Cfatat&  Ume  and  magnesia,  because  the  gypsum  may  nut  be  completely 
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d^  and  tbe  litno  used  in  preparing  chloride  of  Vtme  often  ccmUios 

leeia,   (Grcvc,  Velttnann,  WacKenroder,) 

There   arc  Iikcwi.«o  a  few  mcthoda  of  purification,  cbiefly  directed 

towards  the  sej^aralion  of  iron.     The  solution  mixed  witli  carlioDate  of 

line  is  exposed  to  the  nir  for  several  months  till  the  iron  is  completely 

prt'fipt tilted.  (Marthi§,  A'tpert,  41,  203j  Clamor-Marqnart,  Ann.  Pharm, 

7,  2U.)     The  eolutiun  is  boiled  with  zinc-oxide.  (Geiger.)     Since  tii©  pre- 

cipiUition  <if  the  iron  dcpciicls  upon  its  conversion  from  protoxide  into 

6r^j*iluioxidi?  hy  the  oxygen  of  the  air,  it  would  be  necessary,  in  applying 

thi^j  method,  to  heat  the  Fohition  for  a  long  time,  and  in  that  ca«e  basic 

fiidfdmlo  of  zinc  would   he   formed.   (Wackenroder.)     A  solution  of  10 

pjut.'*  of  «inc  ifulphsitc  k  Iwiled  ivith  1  part  of  nitric  acid,  till  it  \a  reduced 

to  a  thiekish  mass;  llieii  re  dissolved  in  water,  hoiled  with  1  or  IJ  pt,  purt 

zine-oxido,  and    filtered.    (Trommsdorff,   Taschenb.   1823,  I.)     It  is  not 

ca*y   to  oxidiise  the  iron  completely"  i    the  filtrate  contains   liasic  line- 

fnlphate  wliieh  nmst  here-canverte«l  into  monosulphate  by  the  addition  of 

a  email  quantity  of  syl|diuric  acid.   (Schindlen)     9  parts  of  crystaUiied 

xinc  Rulphate  are  heated  in  a  crucible  with  1  part  of  nitre,  gently  at  fir«t 

— then,  after  the  water  of  cryBtallization  has  been  driven  off,  to  strong 

reduc«s^and  kept  at  that  heat  till  a  portion  dissolved  in  water  yield«  i 

^filtnite  frcG  from  iron :  the  whole  m  then  dii^solvcil  in  water  and  filtered. 

uehoU,  PhftniK  Jkn-ms.)     Artus  (J.  pr.  Cltcm.  2(J,  508)  mixes  50  parta 

finely  powdered  zinc-siiljdiate  very  intimately  with  1   part  of  nitre; 

heat*  the  mixture  in  a  cnicihlo,  atirring  it  all  the  while  with  a  porcelaiu 

atnla,  till  it  m  dry;  then  raises  tho  heat  somewhat  higher;  aft^rwanla 

lw<olvc^  in   hot  water;    filters  to  separate  oxide  of  iron,  and  boils  the 

ftUrate  fnr  a  short  time  with  purified  charcoal  to  s^cparatc  any  man^^anc^ 

I       that  may  be  prc«eiit.     Geiger  rceomniends  igniting  the  xiuc-vitriol  with 

-f^  nitrate  of  atinc-oxide  or  baryta;  if  the  latter  salt  bo  used,  strong  ignition 

L      is  necessary.     Dalk  mixes  the  solution  of  zinc-sulphate  with  infusion  of 

kg^lliv,  and  exposes  it  to  the  air  in  a  basin  as  long  as  a  violet  film  contioQcs 

^^o  form   upon  it;  then  evaporates  to  dryness,  dissolves,  and  filters.     To 

'       renin vp  the  excess  of  tnnnin,  Wittsteiii   {R(p<rL  65,   218)   digests  the 

filtrate  for  24  hours  with  recently  ignited  charcoal;  and  Walcker  (Ann, 

rharm,  4,  84)  precipitates  it  by  boiling  with  white  of  q^^.     A  eolutioti 

'  4  parts  zinc-Kidphate  in  2(1  water  set  aside  for  5  days  in  contact  with 

cntly  ignited  wood -charcoal  deposits  aU  the  iron  it  contains  upon  the 

rcoah  (Stickel,  Witt^tein.) 

It  has  itkewiso  been  pra|K)sed  to  dissolve  2inc  in  hydrochloric,  nitrie^ 
acetic  acid,  and  then  purify  the  solution  in  a  similar  manner. 
^  Dciferre  (./.  Phantu  Tt,  70)  dissolves  125  parts  of  rinc  in  500  jiAiis 
•^hydrochloric  acid — then  adds  B  parts  of  nitric  acid,  and  warms  the  litjuid 
^  oxidize  the  iron;  evaporates  to  dryness;  dissolves  the  residue  in  water; 
tvet  the  solution  for  24  hours  iu  contact  with  8  parts  of  carbonate  of 
and  filtora.     The  clear  Tuiuid  is  precipitated  wliile  hot,  by  grailually 
•dding  dilute  ammonia  as  long  as  any  pn*cipitato  continues  to  form,  tho 
folution    retains   but  very   little  xinc  oxide,  and   the  precipitate,  after 
ihorouifh  washing,  contains  iM»4ircely  a  trsice  of  any  other  suit,  f 

h.  Pr<'cipitn(wn  of  the  purified  Zinc-mtntion, — ^Thc  solution  i<  botletl 
in  a  pore* lain  bxiflin,  and  carbonate  of  sod.'i  added  in  small  portions  till 
•lightly  iu  exctjia;  the  boiling  iii  then  continued  for  a  time,  in  unler  that 
the  precipitate  may  aggregate  more  closely.  Or,  a  dilute  eolntton  of 
X  At,  tine  sulphate  is  piecipitated,  in  tho  cold  and  with  a^tmtion,  by  n 
«ofnewhat  le^s  than  I  At,  carbonato  of  0oda,  the  filtering  being 
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defrrred  for  some  time  in  order  tWt  llie  gelatinous  precipitate  may 
beccmic  pulverulent  Anotlier  nietliod  In  to  boil  a  solution  of  9  parts  of 
crjfitalliEcd  carbonate  of  mdn  m  a  c'lean  copfier  vessel,  and  cause  a  solu- 
tion of  2  parts  of  zinc  to  flow  into  it  in  a  liiin  stream — tbo  f^oda- 
eolution  l»eing  constantly  stirred— so  tb;it  tbe  litjuid  may  not  boil  over 
from  escape  of  carbonic  acid,  nor  tlio  undecomposed  xlnc-solution  come  in 
contact  witb  the  copper  vessel  The  precipitate  is  ca*y  to  wasb,  and  is 
free  from  soda,  provided  the  boilin^r  Ims  been  kept  up  during  tbe  whole 
time  of  mixing.  (Scbindler.)  If  any  portions  of  soda  and  solpburic  acid 
are  carried  down  with  the  precipitate,  tbo  greater  part  may  be  removed 
by  boiling  for  a  while  after  prccipitatron,  but  not  all.  (Wackenrrsder.) 
If  the  zinc-solution  be  precipitated  by  carbonate  of  soda  in  the  cold,  an 
excess  of  tbe  latter  must  bo  avoided,  nm  otherwise  tlic  precipitate  will 
retain  ita  ^latinous  character  even  after  long  standing,  and  will  contain 
CODtjideniblc  quantities  of  j?oda  and  sulphuric  acid-  For  1  part  i*f  zinc- 
vitriol  dissolved  in  20  parts  of  water,  1  part  of  crystallized  carbonate  of 
khI*  dissolved  in  10  part^?  of  water  is  eutlicient.  The  two  solutions  are 
mixed  at  once,  and  rapidly  btirred ;  tbe  transparent  jelly  thereby  pro- 
duced i»  converted  in  tbe  coursje  of  24  or  3G  hours,  with  evolution  of  ga^, 
into  a  loose  powder  which  is  easy  to  wash.  Acid  carbonate  of  zinc 
remains  in  solution,  together  with  any  lime  and  magneiiiia  that  may 
perchance  be  present.  The  oxide  obtained  by  ignition  from  the  carbonate 
precipitated  io  the  cold  exhibits  a  fainter  tinge  of  yellow  than  that 
prepared  from  carbonate  precipitated  from  hot  solutions.  (Scbindler, 
Wackenroder.)  The  zinc-solution  may  likewise  be  mixed  in  the  cold 
witb  carbonate  of  ammonia,  till  the  iiquid  h  perfectly  neutral.  The 
precipitate,  like  that  produced  by  cold  carbonate  of  soda,  con ti ins  but  a 
trace  of  sulplmric  acid.  The  precipitate  obtained  with  carbonate  of 
ammonia  in  a  hot  solution,  contains  a  considcnible  quantity  of  sulphuric 

I  acid.  (Wackenroder.)     Precipitation  by  caustic  ammonia,  potash,  or  soda, 
does  not  give  good  results;  if  too  small  a  qaautity  of  tlie  alkali  he  used, 
a  basic  salt  is  precipitated;  with  a  larger  fjuantity,  the  preeiidtate   is 
liable    to    be   contaminated    with  an   alkaline   salt*    and   a   still    larger 
quantity   completely   re-dif<solves   it.      The   precipitated    zinc-carbonato 
is  washed  partly  by  flubsidencc  and  decantation,  partly  by  pressure,  and 
lastly  on  the  filter.     Tbe  dried  precipilatoii^  gently  ignited  in  a  covered 
carlbcn  crucible,— The  most  direct  mode  of  obtaining  pure  zinc- oxide 
"Would  be  to  precipitate  pure  nitrate  of  zinc  by  carbonate  of  ammonia,  and 
ignite  tbe  precipitate. 
TtHing  of  the  ^u/c-c*rtVf.— Tbe  oxide   prepared    by  (I)  !?hould    bo 
"irbilc  J   that  obtained  by  (2)  white,  with  a  faint  tinge  of  lemou-yellow, 
A  brownish  white  tint  indicates  the  prostnco  of  foreign  njetallic  oxides; 
pure    whiteness  and   considerable  deui^ity  in   tlie   oxide   (2)  shows  the 
presence  of  sulphuric  acid,  chlorine,  and  goda.— 1.  Metallic  zinc:  Evo- 
tUtiou  of  hydrogen  on  ndutlon  in  acid*?. — 2.  Sulphitric  aeid  or  chhnne: 
The  solution  of  tbe^oxidc  in  nitric  acid  gives  a  precipitate  witli  cidoride 
f  barium  or  nitrate  of  silver, — 3.  Soda:    May  be  extracted  by  water, 
Ttly  in  combination  with  ^lulpliuric  or  hydrochloric  ncid. — 4.  Lime  and 
amnesia:  The  sidutlon  of  the  oxide  in  hydrochloric  acid,  when  preci- 
ita  led  by   bydrosulpbate  of  ammonia  and    filtered,  yields  chloride  of 
alciuni    or  magnecfia,    on   evaporation    and    ignition* — 5.  AS't7ica;    From 
irude  pota^sh,  when   that  substance  is  ursed  for  the  precipitation,  or  from 
the  crucible.    Left  behind  on  dissolving  the  oxide  in  hydrochloric  acid, — 
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6.  i^eiquioxide  of  Manganese:  Partly  left  behind  when  the  rinc-oi 
dissolved  in  dilute  nitric  acid<     Produces  a  ^reea  colour  when 
with  carbon  Lite  of  soda  and  nitre* — 7.  Srsquioride  of  Iron:  Tbc  8q 
in  hydrocliloric  aeid  givea  a  red  colour  with  aulphocyanide  of  pota 
aud  exhibits  tke  other  reactions  of  ferric  salts, — 8.  Ojside  o/Zfod: 
carlioimtc  of  soda  extracts  this  oxide  almost  completely;    tbe 
hlackeris  on  the  addition  of  hjdrosidphnric  acid,  and  then,  on  the  add 
of  an  acid,  gives  a  prccipitsite  of  sulphide  of  lead.     The  oxides  of  copp 
and  cadmium  remit  in   undissolved  in  this  process* — The  solution  of  iL 
linc-oxide  in   hy'lroc!iloric  or  nitric  acid  gives  a  precipitate  of  le 
sulpliate  on  the  addition  of  a  large  quantity  of  sulphnric  acid — 9.  OxidH 
of  CadMium  and  Copper:  The  lif|nid  filtered  from  the  lead-0ulphate»  01 
tlie  hydrochloric  acid  solution  of  the  zinc-oxide  freed  from  lead  by  lioiUDji 
with  carbonate  of  soda,  gives  with  liydrosulpburic  acid,  a  yelUiw  or  bronraf 
precipitate,  which  must  be  further  examined, — 10,  Oxides  of  Nkhrt  ani'i 
Cohalt. — Sec  the  methods  of  Berzeliua  and  Ullgren.    {JaJtre^,^  21,  Si,' 
143  and  HI.) 

Sublimed  and  mostly  impure  zinc-oxide  is  occaaioQally  obtained,  m 
the  form  called  Ftirnaee'Calaminfj  Cadmiu  fortutcum^  ToJtia^  or,  when  il| 
is  whiter,  Pompholijx,  in  the  preparation  of  brass  and  in  the  smelting 
linkiferous  ores  in  the  ^tmeltirig-furnace,  in  the  shaft  of  which  it  collects,! 
A  furnaoe-calamine  from  an  iron-sincltitig  furnace  examined  by  Anthoo 

fJ,  p)\  Chetiu  9,  4),  was  found   to  contain   ziuc-oxide   74*9,  lime   l'7| 
erric  oxido   13*^),   lead-  and  cadmiu m-oxide  0  8,   silica,  with   A 
portion  of  cobalt-oxide  2  5,  quartz  adventitiously  mixed  4*3  (loss  TS). 

Pi'ffperties,     Crystalline  system,  the  hexagonal.    Hed  zinc-^re  ocean 
in   six-sided  prisma,    of  speciBo   gravity   6*2,    (Vernon,)      In   famaae- 
calamine,  Kwh  found  crystals  having  the  forms  of  F^gn,  131  (some  mom^^ 
obtuse,  others  more  acute),  132,  13."»,  137,  and  138*— At  the  zine-imeltinj  ' 
works  lit  Filisur  in  ihe  Orisons,    there  are  found  sublimed  in  the  npf 
part*  of  the  crucibles  in  which  the  zinc  is  melted,  amber-coloured,  tmu 

Sflrent,  haH,  ehiuiug,  six-sided  pri.^ras  {Fuja.  135  and  138),  which  have  u 
ensity  of  0  0,  yield  a  white  powder  lecouitng  yellow  when  heuted,  anJ 
consist  of  xinc-oxide  with  a  trace  of  sulphide,  f  Vernon,  Ph\L  Ma 
Ann.  7,4^^1)'—!"  the  eiurks  ot  the  earthen  tubes  in  which  sine 
tilled,  l4iuriMitand  Holms  (AnH^C/tim.  P/iyit,  60,  333)  found  microi 
fix-sided  pri.snis.  When  1  part  of  zinc-oxide  is  heatetl  to  commoncfii| 
rednoa»    with    from    4   to  0   parts  of  potu^hdiydrate,    and    the    prmluc 


^       ^    -Crystiiilino  r/iuc-oxide,  deposited  in  an   cnrlhen  retort 
itmni  for  the  distillation  of  xino,  was  found  by  W,  and  T,  Hemptith  to  h^i 
UiTifregaUtd  m  aeuminateil  m^isses  of  small,  shining,  tran^purent  crystaHJ 
whjch  iippcare<l  to  bo  iight   rhombic  prisms;   their  spoci 6c  gravity 
5^3.      When  trcatcil  with  aei.L*.  they  yielded,  without  eirervf     ' 
from  88  .:i   to  D2   per  cent,  of  line  oxide,  and  an  insolublo  cryi 
JVPidue  con«i,t.ng  uf  ZnO,  SnOV  (CAm,  Soc.  Qu.  J,  L  42.)  IT 
r     The  oxide  pr.i»artHl  hy(l)ha»  the  form  of  white  flakes,  or,  nlW 
Icvigation,  thut  of  a  while  jiowdor      The  oxido  prepared  hy  (2)  ti  m 
^whiU^  loofcly  cuhrrent  powder,  having  a  alight  tinge  rf  lomWyelloir. 


tiea  aequjre  a  lemon-yellow  colour  wlien  heated »  but  lose  it 
again  on  cooling,  Tlio  cliant^^e  of  colour  13  not  accompanied  either  by 
abeorplion  or  by  evolution  of  oxygen.  Tlie  yellowish  tint  which  the 
aeconJ  Tariety,  whether  it  hiia  been  gently  or  atrongly  igniteih  exhibits 

tin  the  cobl,  is  sometimes  attributed  to  the  presence  <>f  foreign  oxidoa.     It 
id,  however,  exhibited  even  by  the  perfectly  pure  oxide;  and,  if  the  oxide 
formed   by  tlte  combustion  of  zinc  be  disaolvcfl  in  acide,  precipitated  and 
I      ignited    (Janeen),    or  dissolved   in    nitric  acid,  evaporated  and  ignited 
^■^SchimUer)^  it  likewise  acquires  this  yellow  tinge;  in  fact,  the  oxide  pre- 
^pared  by  precipitiition  and   ignition,   and  whi«jh  is  probably  less  dense 
than  the  other  variety,  appears  to  possois  thia  colour  as  an  essential 
character. — The  carbonate   precipitated  from  cobl   solutions,  yields  on 
ignition,  a  lighter  oxide  tbjin  that  which  is  precipitated  hot;  and  this 
™  lighter  oxide  acquires  a  brighter  yellow  colour  by  ignition;    if  on  the 
■  contrary,  the  oxide  is  denser  from  the  presence  of  sulpluirio  acid,  chlo- 
rine, and  soda,  it  does  not   exhibit  this    tingo  of  yellow   when   culd» 
(Wac  ken  rode  r.) — Theuxide  (2)  loses  its  yellowish  tint  by  strong  ignition 
on  platinum.  (Schiiidler.)— Zinc-oxide  emits  a  strong  light  in  the  blow- 
pipe flame.     It  is  volatile  at  a  strong  white  heat. 
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DecompoBittnm,  By  potaasium,  at  a  gentle  heat,  and  without  con»- 
bnstion,  By  charcoal  at  a  strong  red  heat,  yicdding  J5inc  vapour  and 
carbuuic  oxide  gas*  If  the  zinc-oxide  is  in  excess,  carbonic  acid  grLS  is 
likewise  formed,  (Gni.)  By  carbonic  oxide  gas,  with  difficulty,  yielding 
line  and  carbonic  acid  gas.  (Dnlong,  Despretz,  Ami.  Okhn,  Phf/a,  43,  222; 
also  Pofjff-  IS,  159;  Gra.)  By  hydrogen  gas,  with  great  difficulty,  yield' 
ing  metallic  «inc  and  water.  (Dc.^pret;!,  Wackenroder,  Gtu,)  By  sulphur, 
the  products  being  sulphide  of  zinc  and  sulphurous  acid. 

Combinations, — a.  With  water— Hydrate  op  Zinc-oxide,  or  ZiKc- 
11  YD  RATE,— Ignited  xine- oxide  immersed  in  water  docs  not  enter  into 
conibinalion  with  it,  (Wackcnroder.) — Preparafi^rfi.  L  When  zinc  in 
contact  with  iron  is  immersed  in  atjucous  ammonia  for  eight  days,  and  tlio 
evolved  hydrogen  allowed  to  escape  through  a  gus-dGlivery  tnbe,  there 
are  deposited  on  the  zinc  and  on  the  sides  of  the  glass,  small,  tmnsparent, 
oolonrlesSj  rhombic  prisms,  whicii  bavc  a  glassy  lustre,  are  permanent  in 
the  air,  and  leave  zinc-oxide  when  ignited.  (Scniudler.)  Nickl^shas  like- 
wise found  that  hyd rated  zinc- oxide  crystallizes  in  right  rhombic  prisms. 
(iV,  Ann.  Chim.  Phy$.  22^  3L} — 2,  Nitrate  of  zinc  oxide  is  precipitated 
by  an  insufficient  quantity  of  potash,  and  the  light,  Hoccnlcnt  precipitate, 
washed  till  the  water  no  longer  dissolves  out  any  zinc-salt.  (Bonnet)  If 
an  exce^*?  of  potrsah  13  used,  tlio  precipilatG  contains  potsusb.  Sulphate 
iind  liydrochlorate  of  sino-oxido  yield  an  impure  hydrate.  (Bonnet.) 
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6.  With  Acidn,  formiDg  the  Salts  op  Zikc-oxide  or  Zixc-salth 
Tbe  Afi3nitj  of  ^iiic-oxlde  for  acids  is  considerable.  The  ^alu*  are  C4>lvur^ 
1fw«  tinleas  the  acid  itself  is  coloured.  They  are  mostly  solulile  in  irater; 
llie  solutJODfl  redden  litnin«,  and  have  a  disagreeable,  ruugh^  and  9otue  what 
ftrrogiooUA  tatite*  They  exert  an  enictic  action.  When  ignited,  ihcj 
Jtc  ap  all  th«*ir  acid,  provided  it  is  volalile;  the  sulphate,  however,  ffive* 
ip  it«  Aci<l  with  difficulty.  They  produce  a  white  deposit  on  charcoal  in  the 
inner  blowpipe  tianie;  when  moistened  with  nitmte  of  cobalt  and  ignitctj, 
they  yield  a  g^rccu  rcjsidue, — Free  hydro^ulphnnc  acid,  added  to  a  solntJun 
of  xinc-oxide  in  thi}  weaker  acid*,  such  a*  acetic  acid,  precipitates  the  whole 
of  the  xinc  in  the  fonn  of  white  hydratctl  sulphide;  from  solution*  of 
Binc-oxide  in  tho  ntnin^er  acids,  8uch  a^f  sulphuric,  nitric,  and  hydro- 
chloric  acid,  ful[>hiirettcii  hydrogen  precipitates  nothing,  if  the  acid  i^  in 

?rciit  cxceM,  and  only  a  portion  of  the  zinc^  if  the  acid  is  not  in  excess, 
lydroMulphate  of  ammonia  precipitates  linc-fcalts  completely;  the  pre^ 
eipitated  xinc-Bulphido  i^  in^nluble  in  hydrosulphate  uf  ammonia,  and 
HkewiFo  in  rnu^tN'  jimmonia,  j>otafh,  and  soda,  and  their  carbonatei^,  and 
pnly  liiblc  in  uretic  acid.     With  1  part  of  arinc  in  the  form  of 

llilph;;  .  vi\  in  ]  U,(JOO  parts  uf  water^  hydrosulphate  of  potash  still 

gives  tiakcp;  in  20,000  |niit«  of  water,  only  a  faint  opalescence.  (Laa* 
iaiirnc.)— Catt«tic  alkalis  throw  down  a  white  gelatinous  hydrate  of  xine- 
oxiOe,  soluble  in  cxeciiH  of  ammoni^i,  potash,  and  soda.  The  alkaline 
eolntion  thu«  formed  givea  a  white  precipitate  with  hydro^ulph uric  acid; 
but  the  precipitation  is  not  complete  till  after  some  time. — Zinc-^alts 
Ji»»olved  in  water  give,  with  carbonate  of  ammonia,  a  white  gelatinoua 
fccipitate  of  carbonate  of  zinc-oxide,  soluble  in  excess  of  the  re-agent; 
^hh  carbonate  of  potash  or  aoda,  they  form  a  similar  precipitate,  wkieb, 
jwever,  is  insoluble  in  exceed  of  the  re-a^'ent,  but  is  dissolved  on  panin# 
Mori  no  through  the  liquid.  If  the  zinc-fcolutiou  is  mixed  with  ou^ 
piinuninr,  carbonate  of  potash  or  soda  ;Lrive5  a  precipitate  only  after  lo<ng 
titirij?,  (H,  Rr»se.)  A  f$olution  of  xinc-vitriul,  containing  only  I  j^iart 
'  isinr  in  10,000  part«  of  water,  still  gives  filijrht  Hakes  with  raibonato 
potai'h  or  Hjda;  with  20,000  part^  of  water,  the  precipitate  ap{>ear8 
h'f  pomc  tmip  only,  n4a8saigne.)  Bicarbonate  of  potash  or  e<>da  pre* 
'\iin  copious  ovoluti<m  of  carbonic  acid.-^Ztne>«altji 
I  i  by  carbonate  of  lime  (Fucha,  JScAw*  02^  ID  I);  iho 

^  *ttrautia>  lime,  and  magnesia,   do  not  precipitate 
temperature.^,    but    completely    at    a    Iwjiling    heat 
Ann,  thani\,  11,  2-10,)  —  Phosphate  of  soda  gives  a  white 
«iduhli«  in  nmmonia  and  in  potash — Oxalic  acid  precipitafe^i 
iho  form  of  a  white  oxalate,  and,  accordin»r  to  Thoins^n,  the 
ill  ci»nipb»te.     If  iho  solution  is  very  dilute,  the  turbidity 
•r  till  after  nomo  tirne.  (II.  \U^h^.)     The  precipitate  i^  pn>* 
.t      ...    .jIj  contains  a  lar^e  excess  of  acid,  provided 
The   precipiuitod   oxalate   ie   iiolable   In 
lU  ^ive,  with  fcnorynnide  of  pota><siuni, 
\\  i  with  the  forricyanide,  a  yellowish  red 

Idoric  acid:    I  part  of  xinc   In  the  form 
i  4rt«  of  water,  givotf  a  alight  turbidit/ 
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with  ferrocyanide  of  potassium;  in  20,000  parts  of  water,  a  very  slight 
turbidity;  with  the  same  f|imTitity  of  salt  in  80,000  parts  of  water,  the 
torbidlty  does  not  appear  till  after  :'j  or  10  niiimtei^.  (Lassaifrne.) 
Tincture  of  galls  precipitates  the  ba-^ic  sails  of  zinc,  or  those  which 
contain  a  weak  at^ttl,  even  when  the  solutions  are  very  dilute,  (Schindler.) 
Zinc-salts  are  not  precipitated  by  heavy  metals,  or  by  sulphite  of 
ammonia.— Tboae  zinc-salts  which  are  insoluble  in  water,  dissolve  in 
hydrochloric  acid  and  in  a  hot  aqueous  solution  of  sal  ammoniac, 
c.  With  alkalis  and  with  certain  oxides  of  the  heavy  metala. 


C,  Pehoxidb  op  Zinc? 


H^  Thenard  (Ann,  CJum.  Pht/s,  0, 55}  ohtained  this  compound  by  treating 
hydrated  zinc-oxide  with  aqueous  peroxide  of  hydrojjen  at  0^.  It  forma 
a  gelatinous  mass,  which,  even  at  ordinary  temperatures,  and  still  more 
at  IOC  gives  off  oxygen  gas,  and  dissolves  in  acids,  forming  a  salt  of  zinc- 
oxide  mixed  with  peroxide  of  hydrogen.  Possibly,  a  compoaiid  of  zinc- 
oxide  With  peroxide  of  hydrogen. 


Zinc  and  Hvdrooen* 

A,  Hydride  of  Zinc )^{Vid.  R uhlan d,  ^cAm?.  15,  418.) 

B.  Zincttretted  Hydrogen  Gas  f — Vauquelin  obtained  this  gas  by 
Igniting  4  parts  of  roasted  blende  with  1  part  of  charcoal  pow«ler — 
Colonrlcss,  lighter  than  air,  heavier  tlian  hydrogen.  Has  a  faint  but 
unpleasant  odour.  When  set  on  fire  by  a  flaming  body,  it  burns  in  the 
air  with  a  bluisli  and  yellowish  w^hite  flame,  fonning  white  clouds  of 
line-oxide,  and  depositing  a  small  (Quantity  of  metallic  zinc.  When 
mixed  with  chlorine,  it  explodes  by  contact  with  flame,  producing  hydro- 
chloric acid  and  chloride  of  zinc.  Not  decomposed  by  nitric  acid  or  by 
eaaily  reducible  metallic  salts.  Not  absorbed  by  water.  Does  not  combine 
with  salifiable  bases. 


I 


ZlA'C  AND   CaEBON, 

A.  Carbide  of  Zinc  ? — ^Nearly  all  the  zinc  of  commerce  contains  carbon, 
^The  black  powder  which  is  left  behind  in  the  distillation  of  cyanide  of 
xinc,  and  which,  ivhen  thrown  on  red-hot  coals,  burns  and  fonns  oxide  of 
sine,  is  regarded  by  Berzelius  as  carbide  of  zinc. 

B.  Carbonate  op  Ztnc-oxide  or  ZiNC-CAnBONATB, — Carbonate  qf 
Zinc* — Ignited  zinc-oxide  docs  not  absorb  carbonic  acid  from  the  air 
(Schlndlcr);  but  if  carbonic  acid  gas  be  passed  through  ignited  zinc-oxide 

»  Tbe  longer  tenns,  carbonate  of  zino-oiide,  nitrate  of  silver-oiide,  &c,j  are  tbosfl 
wbich  accord  most  strictly  with  the  received  noraenclnture  of  the  atkultiie  mU*,  surU  as 
carboaate  of  soda^  nitrate  of  liracj  ikci  the  shorter  terms,  zific-carbonnte,  silver -nitrate, 
Scc.f  are  convcuient  abbrevtatiuna  of  them.  The  nvjre  ordiiiaij  terms,  ciirbonate  of 
zinc,  nitrate  of  sUvcr,  &c.,  though  not  strictly  correct  in  point  of  form,  are  nevertheless 
conveuient  in  the  case  of  luetiils  which,  like  zinc,  kad^  and  silver,  ha?c  but  one  oxide 
vhkh  forma  ukU,  [  W.] 


u 


zmc. 


diffafietl  through  water  in  gneh  quantity  as  to  form  a  semifiutd  mixtQf 
the  oxide  takes  up  A*^B5  per  t^nt.  of  carbonic  acid  and  8 '347  wale 
(Wavkenrodcr.) 

a.  Octohasic, — Obtained  by  boiling  octobaslc  snlphate  of  zinc-oxidt 
with  aqueous  carbonate  of  eoda.  —  />,  Quadrohasic,  —  By  boiling  the 
quadrobaaic  sulphate  with  carbonate  of  soda*  (Scbindler.) 
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<?.    Wiih  2  At  acid  to  5  At.  base.^Thla  is  probably  the  composition 
of  ZinC'hloom. — 1*  Pmducod  when  zinc  covered  with  water  is  exposed  to 
the  air,  (Bonsdorff,) — ^.  When  a   zinc-suit  is  precipitated  by  nionocar- 
1>onate  of  anmionia,  potash  or  soda.     In  thi»  reaction,  carbonic  acid  i4 
set  free;  and  if  the  fiolutions  are  cold,  a  quantity  of  zinc-oxide  is  dissolired 
by  it  in  the  form  of  acid  carbonatei  greater  in  proportion  to  the  quantity 
of  water  prcBctit;  on    boiling,  however,  the  carbonic  acid  is  evolved.     It 
IS  difficult  l4j  obtuin  the  precipitate  quite  free  from  alkali  and  from  the 
acid  of  the  zinc-salt  Usfed — a,  A  boiling  solution  of  zincsulphate  is  added 
lo  boiling  carbonate  of  acnia  (or  potash),  whidi  may  l>e  in  excess;  viohnt 
tihireecence  eneues,  and  a  very  soft,   loose  powder  is  formed,   wUic' 
MfomUes  magnesia  alba  when  dry,  and  is  free  from  alkaline  carbon  at 
if  the  boiling  be  continued  for  some  time  after  mixture.  (Schindler^ 
h.  The  solution  of  1  At.  rinc-fiulphate  and  1  At,  carbonate  of  soda  (o 
potash)  are  mixed  cold;  in  this  case,  the  tran.slu  cent  jelly  which  eeparai 
at  6rBt  is  soon  transformed,  with  evolution  of  carbonic  acid,  into  au  opaqi 
powder-     If  the  carbonate  of  soda  is  in  excess,  a  portion  of  it  is  taken  ti| 
Ly  the  precipitate  and  cannot   be  removed  by  subsequent  boiling;  th4 
jelly  is  then  stiffer,  hut  docs  u«»t  hecome  pulverulent  even  after  standing^ 
for  week 5);  when  washed  and  dried,  it  forms  a  coherent  mass  which  adheroal 
tcnarioualy  to  the  tongue,  (Schindler.) — c.  The  solution  of  zinc-sulphate  if  J 
mixed  with  sal-ammoniac,  and  carbonate  of  soda  added^  in  tlie  colil,  tilt  a  I 
glass  rod  moii^tcned  with  hydrochloric  acid,  gives  white  fumes  when  hpldj 
over  the  liquid.     The  precipitate,  after  being  wnahed  and  dried  at  100'  tfl 
facuo,  is  free  from  soda  and  sulphuric  acid.  (Bcnteliuifi,  Jahre$h.  15,  1^(1.)! 
d.  Solution  of  jtinc  Hulphale   is  precipitated  in  the  cold  witli  a  preciscdrj 
©qnivtilfot  quantity  of  carbouftte  of  jimmonia.     The  precipitate,  which  m\ 
<  Mc  at  first,  becomes  very  light  after  drying,   (Wackenroder  )— j 

r  of  JEinc-nitrate  i«  precipitated  cold  by  an  exactly  oqnivatentj 

quantity  of  carbonate  of  soda.  (Wackcnrotlcr)— The  precipitate  obtained  1 
by  decomposing  zinc-iults  with  alkaline  carbonates  at  ordinary  tcmjvrra*  | 
lures,  is,  when  recently  prccipitatod,  much  lighter  thiin  that  obtatiie<i] 
from  •>*'*  ^i'-liPtions.  The  former  contains  originally  dicarbonato  of  xine«^J 
ox  id  r  with  a  largo  quantity  of  water,  but  loses  «>  much  wat«f  J 

lm.mc  acid  in  drying,  that  h  becomes  identical  in  oompoailtoll 
I  aalt  precijutated  from  hot  iolutiona,  (VVaekvnroder,) 
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White,  looflely-colierent  powder^  resembling  magnena  alba.  Dissolyes 
in  2000 — 3000  parts  of  water  (in  44642  pts.  Fresenius),  but  separates 
from  the  solution  when  heated,  and  does  not  re-dissolve  on  cooling, 
(Schindler.)  Aocordinfi;  to  Wohler  {Fogg,  28,  616),  this  salt  is  deposited 
in  small  shining  crystals  when  an  aqueous  solution  of  the  compound  of 
xinc-oxide  and  potash  is  exposed  to  tne  air. — Dissolves  readily  in  a  cold 
aqneons  solution  of  hydrochlorate  or  nitrate  of  ammonia  (Brett,  Wittstein), 
and  disengages  ammonia  when  heated  therewith.  (L.  Thompson.) 
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Berzelius  and  Wackenroder  examined  the  salt  dried  at  100°;  with  respect 
to  the  other  analyses  no  such  particulars  are  stated.  According  to 
Berzelius,  the  salt  is  composed  of  5ZnO,  2CO'  +  3  Aq.  =  2(ZnO,  CO*) 
-f  3(ZnO,  HO).  Schindler  prefers  the  formula :  SZnO,  3C0'  +  6  Aq.  and 
Wackenroder  gives  the  preference  to  ]2ZnO,  4CO'-i-9  Aq.  The  analyses 
of  Smithson  and  Bonsdorff  give  nearly:  dZnO,  CO' +3  Aq. — IT  Lefort 
(J,  Fharm.  3rd  series,  11,  329)  gives  for  the  salt  obtained  by  precipitat- 
ing a  zinc-salt  with  carbonate  of  soda  or  potash  at  a  boiling  heat,  the 
formula:  8ZnO,  3CO»  +  6HO.  IT 

d.  Fibdsic, — Dicarbonate. — Formed  by  precipitating  a  solution  of 
zinc-sulphate  at  ordinary  temperatures  with  sesquicarbonate  of  soda, 
washing  the  precipitate  thoroughly,  and  drying  it  in  the  air. — Soft,  white 
powder.  (Boussingault,  Ann,  Chim,  Fhys,  29,  284.^  By  precipitating 
from  hot  solutions,  the  salt  c  is  obtained.  (Schindler.) 
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e.  Monocarhonate. — Found  in  nature  as  Zinc-spar  and  Calamine, 
Crystalline  system  the  rhombohedral :  Fig,  141,  143,  145,  and  other 
forms;   r»  :/=107^40';  r' :r  behind=72'' 20'.  (Wollaston.)     Cleavaj 
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parallel  to  n     Specific  gravity,  4 '3765  (Karsten),  7*442  (MohsV     HartL 

nesa  equal  to  that  of  apatite.     White,  transparent.     Not  faaible  before  , 
the  blowpipe.     Turns  green  when  ignited  with  nitrate  of  cobalt*     Di9*J 
solves  in  acids  with  eti'ervcscence;  soluble  in  caustic  potasb.     AoconiiD| 
to  Scliindlefj   this  salt  may  be  obtained  artiliciallv,  containing,  lioweverJ 
a  snuiU   c|U!mtity  of  w.iter  (probably  from  admixture  of  ealtd):  1.  Byi 
precipitating  in  Lbc  cohl  a  solution  of  I  At.  zinc-sulphate  in  ten  timea  iti 
weight  of  water  with  a  solution  of  1  At.  bicarbonate  of  potash  or  sodA. 
The  loose,  non-p:elatinous  precipitate  is,  after  drying,  soft,   white,  and 
much  heavier  than   the  salt  c.  (Berzeiius  obtained  by  this  prooees  th« 
salt  c,  containing  73  per  cent,  of  zinc-oxide;  Lefort  obtained  by  the  aamt 
process,  a  salt  containing:   3ZnO,CO'  +  GHO), — ^2,  The  aqueous  solution 
of  the  acid  salt  /,   when  left   to  evaporate  spontaneously,  deposits   thftj 
monocarbonato  in  the  form  of  a  granular  powder.  (Scbindler.) 
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IT  Manganifcrou^  Zinc-spar.  The  following  varietiee  of  tinon 
from  Aachen  containing  manganese,  have  been  analyzed  by  Monhtun. 
{L.  d^  £*  Jaltresb.  184S,  1225.)  cr,  light-green,  rhombobedrous;  «p.  gr, 
=  4-03;  b,  dark  green:  sp.  gr.  =  3*08,  both  from  Heirenberg; 
c,  yellowish  white  from  Altenberg:  sp.  gr.  4'20. 
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Ferruffinoxu  ZlnC'spar;  Kapnitet     Monbeim  has  likewise  analytt 
sereral  epecitnens  of  the  ferruginous  zinc-^par  from  Altenberg  deacrih 
by  Brcithaupt  as  a  new  mineral  species  under  the  name  of  Kapnite.     Tl 
pru|>ortion  of  iron  in  these  epeeijneos  being  very  variable,  Monbeim  do 
not  regard  the  mi  tie  ml  as  a  distinct  species,  but  proposes  fur  the  **^ 
greOQ  varieties,  rich  in  zinc,  the  name  of  Fft'ruginoiun  Zitic-tpar^ 
the  dark-greeti  vurietie6  and  those  which  turn  brown  by  oxidation  of 
iron,    tho  tenn    Zincirotupar:    (a)  «ip.   gr,  =.4'09;    (6)  sp*  gf.  :=4'1 
M  up.  gr.i=4*00;  {d)  »p.  gr.=4-04-  (ir)  sp.  gr,=4'00;  {J}  ep.  gr.  not 
deteruiiaed. 

a,  I,  e,  d,  r.  /. 
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ZINC-PIIOSPIUTE-  ^^^  17 

/.  Acid-Milt,  Metallic  Jtinc,  the  liyflmted  oxide,  and  the  carbonates 
«  ,  .  .  f  are  etisily  soluble  in  exoess  of  aqueoua  carboute  acid.  (Oofnp* 
Jahn,  AntL  Pharm,  28,  110-) 

^^^L  Zinc  and  Boron. 

Borate  of  Zinc-oxide.— Precipitated  on  mixing  an  aqneons  solution 
of  jcinc-sulpUato  with  borax.  Wbito  powder,  insoInUe  in  water,  but 
Boluble  in  aqueons  boracic  acid.  Turns  yellow  in  the  fire,  and  is  con- 
verted into  a  go  lid,  compact,  opaque  slag.  (Wonzel;  com  p.  Tan  nermann, 
Kiuin.  Arc/u  20,  14.) 

fZiNC  AND  PnosrHouus. 
A.  PnospHiDE  OF  ZtNC. — a.  When  pieces  of  phospborns  are  thrown 
npon  melted  zinc^  a  lead-grey  nia^s  ie  obtained,  having  the  metallic 
lustre,  somewhat  ductile,  snicllmg  like  phosphorus  when  hammered,  and 
boming  like  zinc  when  beat  ed.  {Pelletier;  com  p.  Latidgrebe,  pSchw.  53, 
480). — 6.  The  silver- white  substance  with  concboidal  fracture  which 
sublimes  on  igniting  6  parts  of  zinc  with  (J  pliospliorus  and  1  charcoal^  or 
2  zinc  with  1  phitspborna  in  a  glass  retort,  appears  to  be  richer  in 
phosphorus  than  the  last.— c»  When  phosphuretted  hydrogen  gas  is  passed 
over  gently  heated  cbloride  of  zinc — wberenpon  hydrochloric  acid  gas  ia 
slowly  evolved — and  the  mass  afterwards  digested  in  water,  phof?phide  of 
xinc  remains  in  blackish  particles,  which  exhibit  the  metallic  lustrCj  emit 
a  phosphorus  Ha  me  when  heated  on  charcoal  before  the  blowpipe,  and  are 
perfectly  insoluble  in  hydrochloric  acid.  (H.  Rose,  Pog^.  24,  235.) 

B.  HYromospniTE  of  Zinc-oxide.— The  solution  of  xinc  in  heated 
aqueous  hypo  phosphorous  a<.'id,  yields  by  evaporation  in  vacuo,  indistinct 
crystals,  which,  when  boated  to  redness  in  a  retort,  swell  up  strongly^ 
give  off  uon-spoutaneously  inflammable  pliosp  ho  retted  hydrogen,  and 
leaye  a  residue  soluble  in  hydrochloric  acid.  (H.  Hose,  Pog(/,  11,  92.) 

C.  Phosphite  of  Zinc-oxide.— Perch lo ride  of  phosphorna  disi?olved 
in  water  and  neutralized  by  ammonia,  precipitates  a  small  quantity  of 
this  salt  from  a  solution  of  zinc-suiphate,  the  rest  renin  in  ing  in  solution, 
and  separating  when  the  liquid  is  boiled.  The  salt,  when  heated,  swells 
up  strongly,  and  gives  ofi*  hydrogen  gas,  mixed,  especially  towards  tlio 

I  end  of  the  reaction,  with  pliospbu retted  hydrogen.  lOU  parts  of  the 
salt  dried  in  vacuo  leave,  on  ignition,  7943  parts  of  residue  containing 
53*38  per  cent,  of  zinc-oxide,  and  46*62  plioi^phoric  acid.  100  parts 
of  the  dried  salt  oxidated  by  nitric  acid  and  iguited,  yield  81*4  parts  of 
diphosphate  of  zinc-oxide.  The  salt  dissolves  with  diEcalty  in  water. 
(H.  ilose,  Poi;^.  9,  29.) 
^  H.  Roise. 

K  2ZuO 80-4      ....      42*36         ..,.        43"14 

^^H  P0> 55*4       ...       2915        ....        29*69 

^^V  6HQ 51*0      ....       28*45        ....         27- 17 

^^B  2ZiiO,P03-l>6Aq. ISSB       ....     IDD^UO  lOD'OO 

D.  Ordinary   Pno*i?nATE  op    Zinc-oxide  or   Zinc-puosptiate.  — 
a.  Tr*i/>Ao«/j/*aftf.— Precipitated  on  mixing  a  solution  of  a  zinc-salt  with 


diphospbate  of  amftiODia,  poiafili,  or  soda,  tbe  enperoatant  liquid  becomfn|r 
acid,  (Mitucberlich,)  When  dilute  eohitioufi  of  salpbate  of  zincHOxide 
aod  diphosphate  of  soda  are  mixed  in  the  cohl,  a  translucent  jelly  ib  at 
first  produced;  tbig,  however,  soon  becomes  opaqae  and  aggr^pates  into  a 
fine  whtto  crystalline  powder.  If  the  solutioua  are  mixed  ootliiig  kot, 
no  jelly  is  prodaced^  but  tbe  pulverulent  precipitate  is  formed  at  once  and 
bae  tbe  same  composition,  (Schindler.)  The  same  compound  is  doubtless 
formed  on  digesting  carbonate  of  zinc -oxide  with  aqueous  pboffpboric 
acid  not  in  excesa.  White,  cryBtalline,  tasteless  powder*  Fnsea  easlff, 
forming  a  tranisparcnt  and  colourless  glass.  Insoluble  in  water;  solable 
in  acids;  likewise  in  ammonia  and  in  carbonate,  gulphate,  bydrocldonite, 
and  nitrate  of  ammonia — in  tbe  la^st  three,  however,  with  slight  turbidity. 
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h,  Diphogphate,     On  mixing  a  solution  of  3  parts  of  zinc^pbatfi 
in  32  parts  of  hot  water,  with  a  solution  of  4  parts  of  crystallized  dipho*- 

fvliato  of  «o(la  in  32  parts  of  hot  water,  this  salt  is  depo8itc<l  in  shining 
aminte,  (Graham.)  In  this  case,  the  zinc-sulphate  is  in  excels;  in  tbe 
preparation  of  salt  a,  it  appears  to  be  necemijary  that  Uie  pbospliati^  of 
eoda  be  in  excess,  Tbe  crystals  do  not  lose  water  at  100  ;  but  at  & 
temperature  below  the  melting-point  of  tin,  they  give  oif  2  AL  water, 
retaining  their  lustre;  at  a  red  beat  they  fuse  and  give  off  3  AL  water* 
(Graham,  Ann.  Phann.  29,  28.) 

2ZnO  .„... 80-4    .,..     50-0 

cPO*    ..,„. 71-4     ....     44-4 

HO „„„,.        »»0    ....       5-« 
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e.  Acid  Phoiphate,  Bv  dissolving  Eiuc,  or  tbe  carbonate  or  jihoepliatt 
of  zinc-oxide  in  excess  ol  acid  and  evaporating.  Gummy  mass  wbich 
fuae^  in  the  fire  to  a  transi>arent  gla^s.  ^Vhen  a  small  quantity  of  alkaO 
is  addcMl  to  its  ar^ueous  solution,  the  salt  a  is  depositccL  (Wenicl) 

E.  PvnoPHORpnATB  OF  ZiNO-oxiDK. — By  precipitating  a  tincnwlf  wrtli 
pyroph.  r  «oda.     The  precipitate  i^  deconii^oscd  by  b  'h 

ordinar\  ,  ito  of  soda,  yicblinj;  ordinary  jihosphate  of  it? 

tnd  pyn>phu>phat«  of  soda.  (Stromeyor*  Schw,  5^,  )2f>,)  ^  Tbe  imJI 
precimtutod  iis  above  forms  a  white  bulky  mass,  which  in  drying  ?hnnlcf 
up  like  hydrate  of  alumina.     If  it  be  suspended  in  water,  and  li 

acid  gas  passed  through  the  liquid,  the  whole  dissolres,  and  t}]  rip 

when  bollodf  yields  the  nalt  in  the  form  c^f  a  heavy,  white*  beaut itully 
erystalline  powder  fonsi^tinff  of  2(2ZnD/^l*0*)-f  3Aq.  Botli  ibo  amor- 
pbous  and  tbe  erystalline  S4ut  diss<dve  in  acitb  and  in  cauitic  potasb; 
ammonia  likewise  disMulves  the  salt,  and  aleobol  added  to  Uie  »olattoD 
throws  down  a  syrupy  mass.  (Strhwarxenberg,  Ann.  Pharm.  <J5»  151.)  f 

METAPnosi-iuTB  Of  Zlxc-o3CIde. — Formed  by  bnminr  Iiypo»ulpbo- 
plioepliate  of  xtoc.     Transparent  glast^  soluble  iJi  water,  (Berselina.) 


SULPHIDE  OF  ZINC. 


1« 


ZmC  AND    SULPUUII. 


A,  SuLpErrDE  of  Zinc,  or  ZiNc-strLPHiBE, — Found  in  nature  aa  Blende^ 
frequently  containing  sulphide  of  iron  and  sulphide  of  cadmium. 
Ntiggerath  and  Bischof  (Schnr,  65,  245)  found  in  an  old  mine  a  quantity 
of  zinc-sulphiilo  mixed  with  wa^hin^  of  the  ore,  forming  a  deposit  some 
inchoe  in  tiiickness  on  the  wood- work;  it  had  prohably  oeen  formed  by 
the  reducing  action  of  the  wood  upon  gulphatc  of  ziiic-oxide.  Fot^nation, 
1-  When  sulphur  vapour  ia  rnisscd  over  red-hot  zinc,  a  small  quantity 
of  white  sulphide  is  produced.  (J.  Davy.)  When  zinc-filings  arc  heated 
with  enlphur,  tlie  aulphur  volafcili^ea  hefore  combination  takea  place. 
The  sulphide  of  zinc,  which  has  a  very  high  melting  point,  envelops  the 
line  in  the  form  of  a  solid  crust ;  licnce  the  imperfect  comhiuation. 
2.  When  zinc  is  heated  with  cinnahar  (the  heat  must  be  very  atrong  towarda 
the  end  of  the  proce^is)  decomposition  takes  place,  mith  explosion,  the 
Bulphnr  combining  with  the  zjnc  and  the  mercury  volatilizing.  Zinc- 
filings  mixed  with  pentasulphide  of  potassium  withdraw  the  Bulphur  from 
that  compound,  and  with  explosive  combustion  if  heat  be  applied. 
(Berxelius.)— 3.  According  to  Dehno»  oxide  of  zinc,  heated  with  sulphur, 
yields  a  sulphide  of  zinc  which  might  easily  be  mistaken  for  blende. 
(Dc^rotz,  Jnn.  Chim.  Phys.  33, 1C8.J — 4.  By  heating  anh^^drous  sulphate 
of  zinc-oxide  with  sulphur.  (Vauquclin.)  The  mixture  is  heated  in  an 
earthen  retort,  first  to  dull  redness,  then  more  strongly;  the  sulphide 
of  line  produced  is  niixe<l  with  more  or  less  undecomposed  sulphate, 
which  may  l>e  extracteil  by  water,  or  completely  converted  into  sulphide 

again  igniting  the  mixture  with  BulphuT.  fOay-Lussnc*) — 5.  Anhy- 
[)n8  sulphate  of  zinc-oxide  is  ignited  with  charcoal  or  in  a  charcoal 
uciblc;  if,  however,  a  very  strong  white  heat  be  applied,  very  little 
naiDs  in  the  crucible,  (BerthierJ     When   100  parts  of  the  dry  salt 

Ignited  in  a  charcoal  crucible  with  15  parts  of  charcoal,  part  of  the 
BuJphuric  acid  escapes  in  the  form  of  sulphurous  acid  before  the  charcoal 

tfin**  to  act  strongly,  and  consequently  there  is  formed  a  mixture  of 
phide  and  oxide  of  zinc,  tho  latter  of  wliich  may  l)e  extracted  by 
ute  hydrochlorio  acid.  If  a  strong  white  heat  be  applied^  the  residue 
amonnte  to  only  15  per  cent  (Berth ier,  Ami.  Chim.  I  h/s.  33,  168.)  Tlio 
more  quickly  the  heat  is  raised  to  whiteness,  the  smaller  is  the  quantity 
of  oxide  mixed  with  the  sulpliide.  (Gay-Lussac.) — (J.  The  precipitate 
formed  by  hydruaulfdiuric  acitt  in  a  solution  of  a  zinc*fialt  is  ignited  in  a 
8ird&m  of  hylrosulidiuric  acid  gas.  f  Berzelius.) 

The  native  sulphide  belongs  to  the  regular  system:  Ft^.  *2,  3,  4»  6,  8^ 
13,  14,  and  other  forme.  Cleavage  easy  parallel  to  c/.  Harder  than 
calcepar*  Sp.  gr.  3 "9 — 4  07.  Transparent,  pale  yellow.  The  presence 
of  other  metallic  enlphides  gives  it  a  red,  brown,  black,  or  green  colour, 
The  artificial  sulphide  is  a  white  or  yellowish,  loosely-ronerent  mass. 
Sp.  gr.  3*9235.  (Karsten.)  When  prepared  by  (5)  it  is  pulverulent  and 
as  white  as  the  oxide.  (Berthier.)  Fuses  only  at  very  high  temp^a* 
not  volatile  at  a  white  heat. 
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When  mixeU  with  charcoal  and  mbed  to  an  inteiide  whit«  lieal, 
it  volatilizes,  tiuubtless  in  llie  form  of  snlphide  of  eaihon  and  metallic 
fine.  (Berthier.)  When  heated  in  the  air,  it  oxidates  hut  dowly, 
erolrincr  sulpha roos  add  and  forming  oxide  and  sulphate.  Completelj 
oxidized  by  fusion  with  nitre*  Decomposed  for  the  most  part  hy  evapo* 
ration  with  oil  of  vitriol.  Dissolves  in  nitric  acid,  with  e rotation  of 
nitrons  pis  and  separation  of  sulphur,  and  in  hot  strong  hydrochloric 
acid,  with  evolution  of  sulphuretted  hydrogen*  Decomposes  Taponr  of 
water  slowly  at  a  red  heat,  more  abundantly  at  a  white  heat,  oxtde  tif 
rinc  being  formed  and  sublimed,  (Regnauh,  Ann.  Chim.  Ph^f,  62,380.) 
When  it  ia  heated  to  redness  with  carbonate  of  soda,  tn  e^nal  nnmbert 
of  atoms,  the  mass  fuses  and  boils,  and  yields  a  yellowish  whttc  mixture 
of  anlphide  of  sodium,  oxide  of  zinc,  and  undeoomposed  sulphide  of  xinc. 
(Berthier,  Ami.  Chim,  Plajs.  M,  1C7.)  [For  its  deoompoattion  with 
oxide  of  lead,  see  Oxid^  of  Lead.'\ 

Ifi/draied  Sulphide  of  ZinCj  or  fffdroiulpkaU  of  Zinc-oxide, — ' 
white  pulverulent  precipitate  which  hydrosulphnric  acid  and  alkali 
bydrosulphates  produce  with  zinc-salts.  On  passing  hydrosnlpharic  |^ 
▼eiy  elowly  through  a  solution  of  zinc-sulphate  from  which  part  of  the 
zinc  has  been  already  precipitated  by  that  gas^  the  sulphide  is  obtainedt 
partly  in  the  form  of  a  dense  mass,  partly  in  rhombic  laminse  attached 
thereto;  these  crystals  are  yellowish,  not  hard^  and  easily  cloTen. 
(Sehindler)  When  hydrochlorate  of  zinc-oxide  mixed  with  exccai  of 
acid  ia  precipitated  by  sulphuretted  hydrogen,  the  precipitate  contatoi 
aulphide  of  zinc  in  coitibinatiou  with  chloride,  (Reiusch,  Jktprrt,  56,  1I>0») 
^The  white  compound  ia  converted  by  ignition  into  the  yellowiill 
anhydrous  sulphide.  The  sulphide  thu^  formed  is  mixed,  however,  wtik 
ftamall  portion  of  oxide,  inasmuch  as  hydrosulphuric  acid  gajs  is  evolved 
during  ignition.  (Schindler,) — Hydrated  zinc-sulphide  dissolves  moii 
rtadily  in  nitric  or  hydrochloric  acid  than  the  anhydrous  sulphide:  di^^| 
soI%'ing,  in  fact,  without  the  application  of  heat:  it  is  also  slightly  soluH^H 
in  a  large  excess  of  acetic  acid.  (Wackcnroder,  iV'.  Br.  Arch.  16^  1334  1 
While  yet  moist,  it  likewise  dissolves  in  aqueous  sulphurous  aci<L 
(Berthier.) 
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The  compound  examined  by  Schindler  was  dried  at  37  S%-  thai 
nanbed  by  Geigcr  $l  Reiroann  {Ma*j.  Pharm.  18»  25),  at  100*.  Ae- 
OOfding  lo  Scfaindier;  it  loses  half  its  water  at  loa^,  but  recovers  it  oa 
ncposuro  to  the  air. 

B.  OxY-KULPBiDE  OF  Zixc. — Wheu  hydrogen  gtts  is  passed  over  100 
tiarts  of  anhydrtjUH  hulphate  of  zinc  oxide  iginied  in  a  gla«s  tube,  the  olt 
U  i|uickly  ri'duced,  with  foniialiou  of  sulphurous  acid  and  water;  cihortly 
before  the  end  (»f  the  reduction,  the  mass  exhthita  a  swelling  movement 
and  a  glimmering  lights  and  a  small  r|uantiiy  of  metallic  line  sublimes. 
Th©  residue  consunts  of  56  or  58  parts  of  a  straw-yellow  powder*  nontata* 
log  rather  more  than  1  At.  sulphide  of  zinc  to  1  At.  oxide.  This  cooi- 
poiind,  whHi  i>rnit«*d  in  a  fetream  of  sulphuretted  hydrogen,  ia  c«>nverl«d 
into  zinc-snlphidc  and  watt*r;  hydrochloric  neici  dissolves  il,  with  evolo* 
lioQ  of  salphuretttxl  hydrogen.  (Arfved^on,  Po^^.  I,  d(^.) 


ZTNC-SULPlllTE. 
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Under  ibis  head  may  likewise  be  inchuled  tlio  following  conipoundsr, 
bich  however  contain  a  larger  quantity  of  sulphide  :  a,  Vohife.  Warty 
ses  formed  of  concentnc  Hlielisj  of  specific  gravity  3*66;  pale  rose-red 
yellowish;  slightly  trantsliicent.  Contains:  zinc-sulphide  82*82, — 
nc'oxide  15  3 4,— ferric-oxide  1*84,  (Fournet,  Po^tj,  31^  62.}— />.  Fur- 
nace-calamine  from  a  Freiberg  furnace.  Hollow  six-sided  prisms  or 
laniinar  mavises;  ycllnw,  or,  if  they  contain  sulphido  of  iron  or  other 
luetallic  sulphides,  brown  and  black.  Contains  4  At-  sulphide  of  zinc  to 
1  At,  oxide.  Gives  up  the  latter  to  boiling  acetic  acid.  (Karsfeen,  Schw, 
57,  186.) 

C  Hyposulpbttb  of  Zinc-oxide. — Formed  by  digesting  a^jueous 

sulphite  of  zinc-oxide  with  sulphur  in  close  vessels. — 2.  By  precipitating 

bypiosulphite  of  baryta  with  sulphate  of  zinc-oxide,  and  filtering.  (Ram- 

melsberg.) — 3.  By  parsing  sulphurous  acid  gas  through  water  in  which 

ireshlj  precipitated  hydrate  of  zinc-sulphidc  is  diffused:  solutii»n  takea 

■laee  with  difficulty  and  is  attended  with  deposition  of  sulphur,   (llam- 

H^lsberg,  Po(7fJi  8,  442,) — 4.   By  dissolving  zinc  in  aqueous  sulphurous 

Hcid.     Th<^  products  are  sulphite  of  zinc -oxide  which  crystjiUizes  out, 

Hbd  hyposulphite  which  remains  in  solution.  (MitscberlichjPo^y.  8,  442.) 

f  2Zn-i-3S02  ^  Za0,SO5  +  Zn0,SW. 

If  the  sulphurous  acid  becomes  very  hot  by  acting  on  the  zinc,  sulphu- 
retted hydrogen  is  evolved,  and  a  portion  of  the  zinc  is  thereby  re-pre- 
^fepitatecL  (Berzelius;  cojnp.  Koene,  Fogg.  63,  24.5.}— The  crj^stals  which 
^Fonrcroy  <fe  Vauquelin  (Fourcroy,  Systems  5^380)  obtained  by  dissolving 

fine  in  sulphurous  acid  appear  to  have  been  sulphite  of  zinc- oxide  with  a 

rrtion  of  hyposulphite  adbering  to  it  in  the  niotlier-liquid.  According 
Wobler  {Ja/ireaber,  1.5,  15 j),  zinc,  when  digested  with  a  saturated 
aqueous  solutioii  of  anlphurous  acidT  forms  sulphide  *>f  zinc  and  sulphate 
of  zinc-oxide. — The   salt   is   so  easily   decomposible   that  it   cannot  be 

Rtaioed   in   the  solid  stnte.     If  the  colourleaa  and  inodorous  solution, 
lich  is  not  precipitated  by  alcohol,  be  evaporated  at  ordinary  tenrpera- 
turea  either  in  tbe  air  or  in  vacuo,  white  sulphide  of  zinc  is  precipitated 

fa  certain  degree  of  concentration,  and  tritliionate  of  zinc-oxide  remiiins 
solution.  (Fordoa  &  Gelis,  Cotnpt,  rend*  10,   1070;  also  /.  pr.  Ckem, 
,  228): 
2(ZnO,S-0=)  ==  ZnS  ^•  ZnO^SW. 

Aoeordingto  Rammelsherg,  sulphur  is  precipitated  under  these  circum- 
ctaneoe^  aod  a  soUiiiun  of  zinc-sulphate  formed. 

I' 

H^  E.  Tbithioxate  op  Zixcoxide.^ — Remains  dissolved  when  a  solution 
^m  the  hyposulphite  is  evaporated.  Decomposed  by  the  slightest  rise  of 
BBiperature  in  the  liquid;  so  that  when  aqueous  hyposulpliite  of  zinc- 
^kde  i«  evaporated  to  dryness,  sulphurous  acitl  i.s  evolved  and  there 
^bnains  a  mixture  of  sulphide  of  zinc,  sulphur,  and  sulphate  of  zluc-oxlde, 
^pordoB  &  Cells.) 

F*  ScLPHiTE  OP  Zi.vc-oxiDE  or  Zinc-sulphite. —  Oxide  of  ziuo 
Ives  iu  sulphurous  acid  with  evolution  of  heat,  and  yields  small 
aIs  having  a  pungent,  styptic  taste;  they  are  slightly  soluble  in 
r,  but  not  in  alcohol.  (Fourcray  &  Vauquelio.)     The  solution  wK^iU 


D,  TErnATHioNATE  OF  Zmc-oxiDE, — Soluble.  (Fordos  &  Gelis.) 
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evaporated  yields  pearly  scaler.  (A.  Vogel,  ./*  pr,  €%fm,  *•»  280.) 
Wben  boiled  it  deposits  a  b&js^io  salt,  the  solubility  of  which  dimiiii»hef 
as  the  boiling  is  continued.  (Berthier,  N.  Ann.  Chim.  Phyg,  7,  82.)  Th© 
cr^'stals  coDs^ist  of  ZnOjSO^  +  2J\q.  (Fordos  &  Gelis.)  According  to 
Bottinger  {Amu  Fharm,  51^  405),  ignited  xinc-oxide  diijsolves  with 
diiBciilty  in  sulphurous  acid^  and  the  oxide  i^  depoaited  ou  boiliDg. 

G.  Hyposulphate  op  Zinc-oxide* — Fonned  by  precipitatiDg  lijpo- 

sulphate  of  baryta  with  an  equivalent  quantity  of  2ine-sulphat4>,  \mu 
filtering  and  evaporating.      Indistinct   crystals,   having  a    very  rou 
tai^te,  pemiiiuent  in  the  air,  leaving  48'42  per  cent,  of  zine-dulphate  wli 
ignited,  very  eatily  s^oluble  in  water,  and  converted  into  sulphate 
the  solution  is  boiled. 


ZnO 

8H>»  .,..,. ,.,..... 

6HO , 

CryitaUiitd. 
40*2       ..,.       24-19 
72-a      ....       43*32 
54-0       ..,.       32-49 

Heer«a, 
24-25 
4a*ftl 
32-24 

Zn0,S*O*-h6Aq...„ 

166-2       ....     lOO^OO 

10000 

H.  Sulphate  op  Zix<m)xij>e  or  Zroc-suLPnATE. — Sulphate  (%f  ^im 

cf*  Octohadc. — Precipitated  on  adding  water  to  a  concentrated  t^olation 
of  the  bibasic  sulphate.  Very  light  precipitate,  loosely  c^jherent  aiUsf 
dryinj?.  When  dry,  it  does  not  absorb  carbonic  acid*  When  kept  fori 
long  time  under  a  solution  of  monos^ulpbate  of  zinc-oxide,  it  ia  cunvei1*«l 
into  the  quadrobasiie  salt.  Resolved  by  gentle  ignition  into  a  nitxlnre  ii 
lincvoxidcr  and  nionoaulphate  of  ssinc-oxide,  which  may  l>e  extntetcd  by 
wmter.     Not  soluble  in  water.  (Schindler,  Mag.  Fhorm.  31,  181.) 


8ZtiO 
80>  ... 
SHO  . 


i**«**Ui(tM*«« 


321-6 
400 
18-0 


84-72 
10-54 

4-74 


Schiiidler« 

84-8 

XO-fi 

4S 


8ZnO,SO*  +  2Aq. 


379G 


lOODO 


1000 


I 


h.  Stj-hasic.—When  NH»-f-ZnO,SO'  U  treated  with  water>  Uib  alt 
la  left  undiesoived  in  the  form  of  a  %vhite  powder,  which,  when  hcit^ 
girea  off  24*12  per  cent,  of  water  and  afterwards  absorb**  H'i  pfr  OCttt 
from  tke  air.  (Kane,  Ann,  Chim.  Fhys,  72,  310.) 


6ZnO 

80*  .„. 


241-2    ....     8577 
40*0    ....     14-23 


eZnO Ul'g    «^    64-98 

BiP    40-0    „„     10-78 

lOHO    ..,      900    ^    sti-u 


6ZnO,S0»      281*2 


100-00 


+  lOAq., 


371-2 


10000 


€^  Qmadrobmie,'--l .  Formed  by  beating  slnc-yttrtol  till  ti  U 
ilaoumptiHml,  and  boiling   the  residue   with    wat4?r. — ^2.  By  baii 
fl  I  lulion  of  lino- vitriol  with  metallic  tine  or  slnc-oxide.- 

pi«   ,j  '  ''fic-vitriol  with  an  inaalticieut  quantity  of  potash, 

the  1<  rent  preeipitate*  and  dtMolvtng  it  in  boiling;  wmter.     Ia 

all  tliix  «.i-iH^  the  (solution  inn«tbe  ftttered  hot^  and  then  the  mli  will 
M|iianilo  a«  it  cooIa.  (A.  Vogel.)  The  Jiecond  method  m  thei«ure<«i;  b 
mpplyn  '*  Viird  method,  only  a  ^mall  quantity  of  iiota«li  mii«t  hti  wmlt 
m  larg  y  throws  down  a  more  bujiie  Bait,  (Kiihn,  ^^elv*  00^  9i7,) 

Tkii  Ball   JikowiM  cryvtalliiea  otit^  when  n  iolation  of  tiAo-Tiliiol  it 
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for  fiome  timo  in  contact  with  metallic  zinc,  or  when  a  solution  of 

lie  bibasic  sulphate  is  left  to  cTaporate  slowly  in  a  glass  with  a  narrow 

Qouth,  (SchiocUcr.)     White,  Bhlnitig,  opaque  scales  (A.    Vogel);  long, 

oft,  flexible^  tmnsftarent,  £our-side<i  needles,  bevelled  at  the  extremities 

like  those  of  zino^vitrioL   (Scliindler.)     When  slowly  dried  it  presents 

jbe  appearance  of  a  soft  powder,  greasy  to  the  touch, — hot  when  quickly 

Mined  in  considerable  quantities,  it  forms  a  somewhat  tenacious^  unctuous 

mass,  haYin|!f  a  dull  and  somewhat  conchoidal  fracture*  (Ktihn.)    Crystals 

of  this  salt  whicL  have  been  dried  in  the  air  give  up  24  7  per  cent. 

(8  atoms)  of  water  between  100^  and  125',  without  melting  or  faHing  to 

pieces,  while  2  atoms  remain.     At  a  low  red  heat*  the  salt  is  resolved 

into  oxide  of  zinc  and  the  monosulphate,  the  latter  c»f  which  may  be 

diarolYed  out  by  water.  ^Scbindler.)     Scarcely  soluble  in   water  cither 

eM  or  hot,  but  disaulves  in  a  boUing  solution  of  zinc-vitrioL  (Kuhn.) 


SOS  _ 

HO 

AL 

4      . 

1  . 

2  . 

..     160*8 
...       400 
...       18-0 

a. 

,..,     73-49 
...     18*29 
,„.       8-22 

At. 
4 
1 
4 

160-8 
40-0 
36-0 

b, 

....  67*91 
....  16-89 
„..     15-20 

218-8 

...•  100  00 

256-8 

«..  100-00 

liiO. 

SO*.,^ . 

HO  .... 

At 
4 

1      . 

8       « 

.,.     160-8 
.„       400 
...       72*0 

»..     58-95 
„„     14-66 
..,.     26-39 

At, 

4 

1 
10 

ICO'8 
40-0 
90'0 

....  55-2t 
....     13-76 

....     30*95 

272-8 

...  100  00 

290*8 

..,.  lOO'OO 

Aocnrding  to  Schindlor,  a  is  the  salt  dried  above  100"^;  and  d  is  tha 
salt  dried  at  ordinary  temperatures;  according  to  Kiihn,  b  is  the  salt 
dried  somewhat  above  100%  and  c  is  the  salt  dried  at  ordinary  tempera^ 
tnres ;  according  to  Gitiham  {Ann,  Fharm,  29,  29}^  the  salt  has  the 
composition  6. 

d,  Bibmic  Salt. — D {sulphate. — Obtained  in  solution:  1.  By  leaving  a 
concentrated  solution  of  zinc-vitriol  for  a  considerable  time  in  contact 
with  metallic  zinc  or  zinc-oxide. — 2.  By  precipitating  the  oxide  from  one 
half  of  a  concentrated  solution  of  zinc-vitriol,  and  abiding  the  precipitate 
to  the  other  half.  The  gulution  yields  small  crystals  on  evaporation;  it 
'  I  dccompos^ed  by  rapid  boiling,  by  ►slow  evaporation^  or  by  dilution  with 
^  largo  quantity  of  water,  the  salt  c  being  deposited.  It  ia  precipitated 
tincture  of^  galls.  Zinc-vitriol,  when  mixed  with  this  salt,  loses  its 
endency  to  crystalliise.  (Schindler.) 

r.  Monoiulphatt, — Zinc-vitriol^  Whit€  Vitriol^  GalUtsenstetrtf  Vitnolum 
bum  #.  £in€L — Zinc  dissolves  in  heated  oil  of  vitriol  with  evolution  of 
Jphurous  acid,  and  in  dilute  sulphuric  acid,  at  ordinary  temperatures, 
rith  evolution  of  hydrogen.  Not  only  does  pure  zinc  dissolve  more 
lowly  than  impure  zinc,  but  according  tu  Barrat  (J.  Chim,  Mt:(L  17,  G.5.5), 
*  ist&te  of  aggregation  has  an  influence  on  the  rate  of  solution.  Zinc 
^^  dissolves  with  difficulty,  ceases  altogether  to  evolve  gas  if  it  be 
_  ftted  by  pouring  it  into  water  while  in  the  fused  state;  hut  if  it 
then  fused  again,  and  cast  in  plates,  it  will  yiehl  a  considerable 
inantity  of  gas. — 1  part  of  oil  of  vitriol  diluted  with  80  parts  of  water, 
fi^olves  less  zinc  when  1  part  of  nitric  acid  is  added  to  it  than  it  would 
rithout  that  addition  (Bigcon);  according  to  Dobereiner  {J.pr.  Chnn,  1, 
loO),  the  cause  of  thia  diticrenco  is,  that  in  the  latter  oii8e>  WBitiouia  is 
i,  and  saturates  part  of  the  sulphuric  acid;  hydrogett  i^  howevcj. 
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always  evolved,  but  if  a  large  quantity  of  nitric  acid  he  atlde«l,  nitric 
oxide  giiB  is  likewise  ^iven  off.  Oxide  of  zinc  combines  witb  oil  Titriol, 
prefacing  groat  JevolcjpmeTit  of  heat.  (Cadet,  Taschenb,  1782,  26.)  _J 

The  sh){,  m  prepared  on  the  large  scale  by  roastiog  ores  containii^flfl 
snlpbidc  of  zinc»  afterwards  exhausting  them  with  water,  and  evaporatinj^' 
the  golution  to  tho  crystallizing  point,  By  ftision  in  its  own  water  of  cm- 
tallization,  stirring  in  wooden  trongtis  with  wooden  shovels  till  erystal- 
lixatioii  takes  place,  and  subscfjuent  pressing  in  boxes,  commercial  tine- 
vitriol  is  made  to  assume  tlic  appcamncc  of  lonf-sugar.  It  is  oantamuuitcd 
with  the  BuUstanccs  nicntifuied  on  page  6,  and  may  be  purified  from  ell  of 
thenj,  excepting  sulphate  of  magaeaiaj  by  the  methods  detailed  on  ptfei 
6  and  7.  The  zinc- vitriol  «f  Gowhir  contains:  ZnO,  15*00;  MgO,  5-10; 
MnO,  3'24;  FeO,  O'.'^O;  SO^  29-04;  Aq.  47*00  (loss  0-32.)  (Wiitatcia 
liepert,  55,  193.)  On  the  ^mnll  scale,  zinc-vitriol  is  obtained  by  dii- 
Bolviiig  zinc  in  dilute  aulpliuric  acid.  [For  the  purification,  vid, 
6 — 8,1  The  crystabj  when  heated  suniewhat  helow  redne&?,  yield  _ 
anhyu reus  Bait,  which  i^  white,  friable,  of  sjiecific  gravity  3*40  (Karsteii)^ 
and  has  a  styjitic  and  slightly  acid  taste.  When  ignited  alone,  it  giv« 
off  anhydruui?  snlpburic  acid^  HulpburoiiR  acid,  and  oxygen  gas,  and  is 
converted,  first  into  salt  c,  and  afterwards  at  incipient  whitenesa^  into 
pure  zinc-nxide.  When  heated  to  low  rednes-^  with  excess  of  ch&reod» 
it  gives  oO'  sididairoua  acid  and  carbonic  acid  gases  in  the  proportion  of 
2  vol.  SO^  to  1  vol,  CO',  an<l  leaves  zinc-oxidc  mixed  witb  charcoal  and 
traces  of  metallic  zinc  and  zinc -sulphide,  from  which,  at  higher  tem- 
peratures, zinc  is  reduced.  If,  on  the  contrary,  the  mixture  be  quickly 
lientcd  to  whiteness  in  a  porcelain  retort,  it  evolves  at  first  nothing  but 
jBiilphiirons  acid  gas;  hut  as  eoon  as  the  heat  becoraea  rtrong,  the  gai 
evolveti  conKists  wholly  of  carbonic  oxide,  witb  a  small  portion  of  carbonic 
acid,  and  tho  residue  consiirts  of  sulphide  of  line,  (Gay-Lusaac,  Ann. 
Chhn,  l*hfjs.  G3,  432 j  also  J,  p}\  €*hmn.  U,  65.)  Hydrogen  gas  convcrii 
the  wilt  at  II  red  heat  into  oxy!l^ulphide  of  zinc,  (Arfvcdson.)  The  suit, 
when  mixed  with  fiijl}diiir  and  heated  in  an  earthen  retort,  first  to  low 
and  afterwards  to  bri^dit  reilness,  gives  off  a  large  quantity  of  sulphuroM 
acid  gas,  and  feave^  t^uljdude  of  zinc  still  mixed  with  a  small  quantityd^H 
flulphate.  ( Vatiqn*^lin,  Gay-  Lnssac.)  The  salt,  when  mixed  with  an  aqueoJI^H 
Bid u lion  of  sal-ammouiai",  is  converted  into  sniphate  of  zinc-oxide  aii4 
nmnionta,  and  by<lr<H:hhjrate  of  zinc-oxide;  and  with  solution  of  nitre,  latu 
ftulphiite  of  zinc-oxide  and  jKittish  and  nitrate  of  zincH>xide.  (Karsten,)  By 
aqueous  hydrochloric  acid  it  is  simply  dissolved,  not  decomposed.  (Kane*) 

SmithMm- 

Anhydrou*,                      Wenjel.             Teamujt  Tlii 

2n0 40-2     ...     50-12         ...         4G19         ....         50         ....  5t<M 

S0» 400      ...     49*88         ...         &3-8I         ...        50         ...  A7'77 


2bO,80>        80*2 


100  OO 


100*00 


100 


9f  97 


CombinalionB  with  Water. — The  ealt  dehydrated  by  tgnttiait  aod 
ftfjtarwards  moistened  with  water,  combines  with  the  water,  pro^lr 
rim  of  tcm|K?riiture.  (Graluiui.)  When  exposed  to  air  snturate^l 
aqueous  vapour,  it  t4ikes  up  in  three  weeks  rather  more  than  7  atom*  af 
water  of  crystal  I  imliou*  (Hnindcs.)  If  exposetl  to  the  air  in  samnicr  in 
Ibo  «tate  of  tine  powder,  it  nh«orbe  76*9  per  cent.  (7  At.)  of  water  in  ibi 
oanrae  of  ten  days,  but  no  more  afterwards.  (BluLher.) 

m,  Mmifh^ffiraitd, — Kemains  bohtud  when  the  hepta-hydratiHl  nali  it 
dried  in  tho  air  at  100°,  or  in  vacuo  over  oil  of  vitriol  at  20 \  (Schindler, 
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Oiaham.)  Likewise  separates  in  crystalline  grains  during  the  cooling  of 
a  boiling  saturated  solution  of  zinc- vitriol  in  water.  Does  not  part  with 
its  one  atom  of  water  at  205°,  but  gives  it  up  when  heated  to  about  238° 
(Graham);  at  this  temperature,  a  small  quantity  of  sulphuric  acid  is 
likewise  volatilized.  (Thomson,  Ann.  Phil  26,  364;  Schindler.) 

ZnO  40-2        ....        4507 

SO»    400         ....         44-84 

HO 9-0        ....        10-09 


ZiiO,S03  +  Aq 89-2         ....       10000 

ft  Bi-hydraUd, — 1,  The  crystals  of  the  hepta-hydrated  salt  give  up 
81*4  per  cent,  of  water  at  50%  and  crumble  to  a  white  powder.  (Schindler.) 
2.  When  a  solution  of  zinc-vitriol  supersaturated  with  sulphuric  acia 
18  evaporated  at  a  temperature  near  100",  a  crust  of  salt  forms  on  its 
rar^oe,  covered  with  closely-packed,  transparent  and  colourless  crystals, 
which,  when  immersed  in  cold  water,  soon  become  opaque  (Schindler); 
so  likewise,  a  concentrated  solution  of  zinc- vitriol,  mixed  at  a  boiling 
lieat  with  sulphuric  acid,  yields  a  crystalline  powder  of  the  same  com- 
poeition  (contaminated  only  with  adhering  sulphuric  acid),  and  this,  when 
digested  with  alcohol  of  specific  gravity  0*856,  is  converted  into  the 
penta-hydrated  salt.  (Kiihn.) — 3.  The  powder  of  the  hepta-hydrated  salt 
18  converted  by  boiling  with  absolute  alcohol  into  a  rough  sandy  substance 
eonsbting  of  the  bi-hydrated  sulphate.  (Kiihn.) 

Kuhn. 


ZnO 40-2      ....      40-94 

80>   40-0      ....      40-73 

2H0 180      ....       18  33 


(2) 

(3) 

39-11 

41-29 

41-89       .. 

41-21 

1900 

..       17-53 

Zn0,80>+2Aq.  98-2      ....     10000        10000      ....     100-03 

y.  With  3^  at(ym$  of  Water, — 1.  When  a  concentrated  aqueous  solu- 
tion of  zinc-vitriol  containing  a  small  Quantity  of  free  acid  is  left  to  itself 
for  some  time,  it  deposits,  at  0® — besiaes  crystals  of  the  hepta-hydrated 
salt — the  salt  y  in  opaque  rhombohedrons,  which  are  permanent  in  the  air 
and,  when  heated,  give  off  their  water  without  fusing.  (Anthon,  J.  pr, 
Ckem.  10,  852;  comp,  Kane,-4nw.  Chim.  Phys,  72,  367.) 

Anthon. 

2ZnO 80-4     ....     .35*99       ....         36-00 

280»  800     ....     35-81       ....         3619 

7H0    63-0     ....     28-20       ....         27-81 

(Zn0,80»  +  2  Aq.)  +  (ZnO,S03  +  5Aq.)       223*4     ....  10000       Z.       100-00 

^.  Penta-hydrated, — 1.  A  solution  of  zinc- vitriol  evaporated  between 
40^  and  50^,  becomes  covered  with  a  crust  consisting  of  this  salt.  (Schind- 
ler.)— 2.  The  finely  pounded  hepta-hydrated  salt,  boiled  with  alcohol  of 
specific  gravity  0"856,  yields  a  uniform  pasty  mass,  which  afterwards 
solidifies  into  a  hard  crystalline  substance,  having  a  waxy  fracture. 
Entire  crystals  of  zinc-vitriol  immersed  in  cold  alcohol,  slowly  become 
opaque  throughout  their  whole  substance;  in  boiling  alcohol  the  change 
takes  place  immediately.  (Kiihn.) 

KUhn.  Schindler. 

(2)  (1) 

ZnO  40-2     ....    3211         ....         3205)  ^, 

80>    40-0    ....    31-95        ....        31-03/        -        *»* 

5HO 45*0    ....    35  94        ....        3692  36 

ZnO,  SO*  4- 5  Aq.   125*2  ....  10000    Z.      10000    Z,      100 


ZINC, 

ik  SmkifAwkd.    St»|Mumlcg  from  the  aqueous  udotion  at  a  temp 
9imfn  Wt.  m  iMmm  mmhw  pruma    A  crj^tal  of  the  ler-liydn 
ItaltKi  ak*^  Sa*  liftt  opaan^  becaoae  it  is  tkerebTOOOTerted  ta. 
Hmum  «f  omUI  wjmh  of  Uie  aex-hjdrated  salt.  (Mlteclierlieii.) 
fKtmiM  awatiaaii  ta  IIL  23a,  applies  here  abo. 

^  H^pkirAjiidrtthtL — The  oidinarj  form  of  xinc-ritnoL  Separtt 
lh«iai  IW  «f aaoaa  aolatioa  at  temperatures  below  30""  (86^  F),  h&rge, 
iMiaMMlli  Mfeiiflc«e  fmms  beloagiiig  to  the  right  prismatic  svstera. 
1^  T»  ;  a*  :  M  -  a  :  ai  =  135^  33-;   ir'  :  e  =  134"  27'i  i*^ :    rA< 

A^  ^A9m  a^  .  y  :  ■!  =  120  ;    i  :  r  =  UB^  23'.      Clearage 

Mnttil  la  1  (iMikt^  vlM.  i'iiC  22,  407 .)    Sp.  gr.  2  036.  (Mahs.)     The 
St%«t;Ja  eSacaaoa  iiifliiljr  la  Iba  air;  at  100  ,  they  gire  off  37*315  p.  c, 
(  wiiiar«  aa4  aftarwatd^  mhm,  heated  to  low  ledaesa,  BBG5  p.  a 
Wkm  hailiw  walit  ia  poaied  aaoii  them,  they  decrepitate  &ii4 
It  eoa^ifeik  (SchiMler,)     t  pan  of  the  crystala  lUsaolvoft  in  Q&2^ 
al  iT*^'  {^S  f.)^hmmg  a  eolation   of  speeiic  grarity  1*4353 
(Kaialaiik  ko4  walar  Aaaolvaa  a  larger  <|aaotitj.    Hot  alcohol,  ako^ 


tvwtf 


aaaaliaHi^ 


•aO^. 

4«    - 

..    2WTI 
-    17-53? 

iHV     

^     l<ft^    _ 

ft 

- 

^     44^ 

(Kaho.) 


—      U-f«      ^      43-41 


28«?2 

t7;o 
44 -aa 


f 


ll|l\\J»\r-  *  iA^ 


..„  lOO^W       ,^ 


10000 


/   JKiaUUif  ^  Zme^^md0.—Oh*9m4  hj  meMmk     Tiansparetit, 

ii^iiKmi^laM,  aMhiiia  ilioiDbie  prisms.    Fi^.  Sl»  wilkL^/cbea  and  some  aChem 

t  i  t"j  i :  i/  or  u  =  10<r;  i  :  /,  bMmd=.nr^    Vases  when  heakMi, 

if  wi^iot  ttctntnlmug  i^ultjbuno  ad<i«  and  leavei^  am  ignition,  40  per 

iH  tu   V  t  Itiite.     Dtaool ves  with  diJIieall^r  tm  apU  water,  easily  in 

i^^atM*  i»M  u  Kobell,  J.  pr,  Chfcm.  23»  4tf.) 


0HO..„ 


40'a   ^ 

..    irss 

«9 

itiNi 

HO'O    _    3^74 



3t« 

iii'O 

40-2$ 

„_ 

€^U 

EnO,8SO>^9A<|...    201*2    .».  100  00        »^      lOt^ 

I  ^irij*iiociAiiB0HATX  OF  Zllfo.*— Zljie-«altd  give  with  an  ai|nf>ou9 
I  ff'lMltMii  i»f  iulpbocarbooate  of  cjkldam»  a  yellowiah-white  priHripitatf*, 
l^liliijif  m  ilryiiig,  beeomes  pab  reddJuh-yeUow  and  txaaslaoeoL  (B(*r~ 

K    "        H  ii>K  OF  PwosFffoairs  A>n  Zinc. — Snlphide  of  «in«v  obti 
|f|»  \  11^  It  iinc-H;ilt  with  bydrt>flulpbate  of  ammoitia^  and  \ 

r  lit  II  cnrrtmt  of  hydrosuipharic  acid  ga^^  is  plaoei 

I  ijJM  htuwfi  ripon  a  gfa^  tube^  then  moisten^,  by  means  of  a 

I  -sulphide  of  phospboruji  and  vt^ry  caotlooily 

I  ^tigim  ga8|  tin  the  excess  of  sal^hidi?  of  phos< 

fi\»%l     It  ibe  ned  mass  should  turn  wtiite  from  beating  tuo 
in  must  be  left  to  cool  tiU  tbo  HulpbiJe  of  pboejiboroa 
the  mnB««  and  thru  tlio  heat  may  bo  a:(ain  appli^l. 
Tint  ri  il  tK<\v(Irr  *tf  tlji^  roloar  t>f  iiiliihiiu.      ReAotntHi  bv 
U*  of  lib  1i  |«Miee 

itid  white   •„«  «^.f,^.i^  which 


ZINC  AND  SELENIUM.  27 

remains  behind.  Takes  fire  readily,  and  when  finally  heated  to  redness, 
leaves  ordinary  monophosphate  of  zinc-oxide  in  a  state  of  fusion.  Dis* 
solves  in  hydrochloric  acid  with  copions  evolution  of  snlphnretted 
hydrogen,  and  separation  of  red  pnlverolent  -|-sulphide  of  phosphorus, 
(oerzelius,  Ann.  Fharm,  46,  150.) 

BeneHns, 

2ZnS    96-4       ....      43-31         ....        45 

3P    94-2      ....      42-32)  ,- 

2S 320      ....       14-371       ''        ^^ 

2ZnS,FS«  222-6      ....     100*00        Z      JOO"     ' 

Zinc  and  Selenium. 

A.  Selenide  of  Zinc. — These  elements  combine  but  very  imperfectly 
when  fused  together,  the  greater  part  of  the  selenium  volatilizing,  and  a 
mere  film  of  sulphur-yellow  selenide  of  zinc  being  formed  on  the  surface 
of  the  metal;  but  the  combination  takes  places  easily  and  with  explosion, 
when  vapour  of  selenium  is  passed  over  zinc  at  a  red  heat. — Lemon- 
yellow,  pulverulent. — Cold  dilute  nitric  acid  dissolves  the  zinc,  with 
evolution  of  nitrous  gas;  the  selenium,  which  separates  in  the  first 
instance,  is  afterwards  dissolved,  on  the  application  of  heat,  in  the  form  of 
selenious  acid.  (Berzelius.) 

Hydrated  Selenide  of  Zinc,  or  Hydroseleniate  of  Zinc-oxide, — Aqueous 
hydroseleniate  of  potash  gives  with  zinc-salts  a  pale-red  precipitate, 
which,  on  exposure  to  the  air,  assumes  a  darker  red  colour  from  decompo- 
sition of  the  bydroselcnic  acid;  it  is  insoluble  in  water.  (Berzelius.) 

B.  Selenite  of  Zinc-oxide. — Monoselenite,  White  powder,  inso- 
Inble  in  water.  When  heated,  it  gives  off  water,  and  fuses  to  a  yellow 
transparent  liquid,  which  on  cooling  forms  a  white  mass,  having  a 
ciystalline  fracture.  At  a  low  white  heat,  it  enters  into  ebullition,  and 
is  converted,  with  sublimation  of  selenious  acid,  into  an  infusible  basio 
salt^  no  longer  decomposible  by  heat. 

Muspintt. 

ZnO    40-2    ....    49-12 

Se02   56-0     ....    35-08 

2H0    180    ....     15-80        ....        16-66 

"ZiiO,8eO  +  2Aq.        114-2     ....  100-00 

h,  Biselenite, — By  dissolving  a  in  selenious  acid.  Transparent, 
fissured,  gummy  mass,  easily  soluble  in  water,  (Berzelius.) 

T  <?.  QuadroaeleniU, — When  clean  ziuc-tnmings  or  plates  of  zinc  are 
immersed  in  a  somewhat  concentrated  aqueous  solution  of  selenious  acid, 
the  metal  soon  becomes  covered  with  a  thin  red  layer  of  reduced 
selenium,  and  a  solution  is  formed  containing  quadroselenite  of  zinc-oxide. 
This  solution,  when  evaporated  to  a  syrupy  consistence  in  vacuo  over  oil 
of  vitriol,  and  then  left  at  rest  for  about  a  week,  yields  the  salt  in  large 
yellow  crystals  very  much  like  those  of  monochromate  of  potash.  Oblique 
rhombic  prisms,  having  their  terminal  edges  and  freauently  also  the  obtuse 
lateral  edges  replaced  by  planes ;  generally  associatea  in  macled  crystals. — 
Permanent  in  the  air,  soluble  in  water.  Solution  colourless;  has  a  strong 
sour  taste;  not  decomposed  by  acids.  Becomes  tnrbid  when  heated,  the 
salt  being  resolved  into  selenious  acid  and  neutral  zinc-selenite.    / 


28 


ZINC. 


crystal  heated  to  30*^  or  40"^  imdergoes  tbe  aarae  cbange,  becomiDj^  wbita 
and  opaque;  on  »ucrea«ing  the  heat,  the  cryK^nl   fusos,  and   i«  rcsolveiil 
into  water  wliich  distils  over,  ecleuious  acid  which  suhliines,  and  n  ueutral] 
or  basic  salt  which  remains  behind. 

Wohler. 

ZnO  , 40-2       ....       13*97         *.»         I486 

4SeO-    „ , ,».     224  0       ...       ?G  72         »...         7603 

3HO.. ,., 27-0       ,..         y-IJl         „..  910 

ZoO,4ScO*  +  3Aq.  ....     291*2      ....     10000        Z,        991J3 

Hnj  be  regarded  as  a  double  Belonile  of  zinc  and  water :  thus — 

ZnO,4S€0=  +  3HO  ==  ZnO,  SeO*  +  3HO,  SeO*. 
(WoWer,  A7in,  Pharm.  50,  2?D.)  IT 

C.  Seleniate  op  ZiNC-OxinE.— ZuO,SeO^-f  7Aq.     The  crystals 
this  salt,  which  belong  to  the  square  prifinatic  system,  are  igomorpbou 
with  tboeo  of  sulphate  and  seleniate  of  nickel-oxide.     Fh.  37;  «:f'= 
las'"  53';  cleavage  parallel  to  the  truncation-face  ^j.   (Mitscherlich,  ^W- 
12,  H4.) 

Zinc  aj?d  loDmB. 


A»   Iodide   of  Zinc. — Zinc  and  iodine  combine  readily  and  with 
digbt  evolution  of  beat,  pro<liici ug  a  colourless,  easily  fusible  substance, 
which,  when  heated^  sublimes  in  beautiful  four-^^ided  needles,  (Gay^Lussac j] 
From  II n  aqueous  solution  evaporated  by  heat,  and  afterwards  cix>led,  tK^I 
iodide  of  xinc  separates  in  octohedrons  (Bertbemot,  J,  Pharm,  14,  610);| 
and  by  slow  evaporation  over  oil  of  vitriol  in  a  receiver  containing  air,  it 
cryfit4illizes  in  anhydrouscubooctobedrons.  (Mammelciberg,  Pf^gA^^  6<>.>A 
%\  hen  heated   in  the  air,  it  gives  oti*  iodine   vapour,  and  i;3  convcrte4 
into  oxitle  of  zinc.  (Gay-Lussac,)     When  exposed  to  tbe  air  at  ordinary! 
temperatures,  it  absorbs  water  and  oxygen,  and  is  decomposed.  (BuckucrpI 
Rriyri,  OG,  204.)     With  oil  of  vitriol   it  yielda  feuIphurouM  acid,  ioiline,^ 
and  sulplmte  uf  zinc-oxide.      With  the  iodides  of  tbe  alkaJi-metnlj},  it 
forma  I'jipidly  deliquescent  crystals* 


Zn 32"2      ....      20-35 

I ,.       1260      ..„       79-G5 

Znl  iSfi      ..,     100*00 


20347 


AqttfmtM  Iodide  of  Zine  or  Hydriodatc  o/  Zinc-Ojridf. — Iodide  of  tinoJ 
delJ<iuc«cea  in  the  air.  Tbe  same  solution  is  formed  by  keeping  zinc  and] 
ioditic  imniori^eil  in  water  Itll  iho  liquid  loses  ita  colour* — Cotourlc 
w>lii«*wbrif  ncid  liciuid,  cont*iiuiug  24  percent,  of  zinc  oxide  to  76  per  crnLl 
of    ^  acid.    (Gay-LuoBae.)       The   bi*^^hly   eoncenimted    eolatipQi 

[ovci  with  oxide  1]  when  diluted  with   water,  deposits  bydmti 

itno-uxiue  frtxi  from  iodine*  (Katnmelsberg*) 

B,  OxY-ioDiDE  OP  Zinc, — If  tbe  li<|uid  obtained  by  long  digctli«QH 
tine  with  iodine  and  water,  be  filtered  hot,  it  beeomet  turbid  on  eoolfaiff^ 
and  deponit^  this  compound.  (W,  MiiUer,  */.  pr,  Chan.,  2^,  44K) 


C.  Aqutom  Biniodide  of  Zinc  or  HydrladiU  of  Einc-oxtde. — Tlie 
aqoeotts  eolation  of  prot iodide  of  zinc  Jisvolves  as  nvucL  iodii^o  as  it 
already  contains,  and  acquires  a  brown  colour.  (Baup.) 

D.  Iodide  of  Zinc-Qjcidt  ? — Zinc-oxide  beated  to  200*^  in  contact  with 
iodine,  takes  up  a  certain  qnantity  of  tbat  substance,  but  gives  it  up  again 
on  being  treated  with  an  acid.  (Groiivelle.) 

E.  loDATE  OF  ZiNC-oxiBE  or  ZiNc-ioBATE. — Aqueous  lodic  acid  acts 
upon  zinc  with  eflervcscence  at  first,  but  the  cJlervesceiico  t^oon  ceases  in 
consequence  of  the  formation  of  a  ditKciiltly- soluble  salt.  (Connel!, 
N.  Edinb,  PhiL  J.  11,  7:2,)  Iodic  acid  and  iodate  of  potash  precipitate 
2ioc-5ulphate  after  a  while.  (Pleiechl.)  —  The  salt  is  prepared  by  mixing  a 
solution  of  1  At.  ordinary  zinc-sulphate  with  1  At.  iodate  of  aoda,  evapo- 
rating to  dryness,  and  extracting  the  ealjihato  of  soda  with  water* 
(Ranimelsberg,  Pogg.^  44,  563,) — Small  crystalline  graiiw,  or  crystalliue 
powder-  When  heated,  it  gives  off  iodine  vapour  and  oxygen  gas,  and 
yields  a  sublimate  of  somewhat  needle-shaped  iodide  of  zinc,  leav^ing  a 
residue  of  zinc-oxide,  mixed  with  a  y^^ry  small  quantity  of  iodide  which 
may  be  extracted  by  water.  ( Ram  me  I  she  rg.)  Fuses  and  detonates 
slightly  on  red-hot  coals.  (Berzelius.)  Dissolves  in  114  parts  of  water  at 
15",  and  in  76  parts  of  boiling  water.  Soluble  in  nitric  acid  and  m 
ammonia.  (Rammelsberg.) 

CryttalUied,  Raminelfiber^, 

ZiiO.„. 40-2       ....       17931  Q.-n 

lo*  laeo     ....     74'04f     ••••       ^^  "* 

2HO     .,..„. 18-0       ...         8-03         ....  S-22 

ZQO,IO*  +  2Aq 224-2       ....     100*00         Z         lOO'OO 


ZmC  AND  Brqmlne. 


I 


A,  BnoMiDEOF  Zi?<c,— Zinc  and  bromine  do  not  combine  even  when 
the  metal  is  beated,  and  tlie  bromine  dropped  upon  it.  (Lihvig.)— 1.  The 
bromide  is  obtained  by  pa-ssing  bromine  vapour  over  red-hot  zinc  till  the 
metal  la  conx  crted  into  a  colourless  liquid.  (Berthemot.) — 2.  By  dissolving 
zinc  in  aqueous  hydrobromic  acid,  tlie  solution  being  attended  with  evolu- 
tion of  hydrogen'  (Balard) — evaponiting  to  dryncsii— and  subliming  the 
residue*  {Lliwig.)^ — Sublimes  in  white  needles^  which  fuse  into  a  light 
yellow  liquid  (Liiwig);  colourless,  according  to  Berthemot.  Taste,  sweet 
and  styptic.     Decomposed  by  nitric  acid,  (Berthemot.) 

Berth  pmot. 

Zn  ,..,         32-2       ....       20*11         2^*25 

Br 78-4       ...       70-B9         7075 


ZnBr 


1106 


100^00 


100^00 


llydrated  Bromide  of  Zinc  or  Ihjdvohromate  of  Zinc-oxide. — Bromide 
of  xinc  deliquesces  rapidly  in  the  air  (Lowig),  and  becomes  strungly 
b edited  by  conta,ct  with  water.  (Berthemot.)  The  colourless  Rohition 
yields  small  crystals  on  evaporation.  (Lowig.)  When  evaporated  till  a 
film  of  salt  forms  on  its  surface,  it  solidifies  in  a  mass  of  indistinct  crystals 

cooling.  (Berthemot.)     When  evaporated  in  vacuo,  it  does  not  yield 


on 


crystals,  but  solidifies  to  a  very  deliquescent  mass,  presenting  an  appear- 
ftuce  of  efflorescence  on  the  surface.  (Kammelsberg.)— Bromide  of  zinc 


I 


10 


ZIHC. 


diseolvBS  in  ammoma,  tiyflrochlorio  aoiJ,  acetio  aeid,  alcahol^  aad  etlier. 
(Bprthemot.) 

Bromine- water  alowly  dissolves  »  small  quantity  of  iiDe-oxide;  ih 
eolution  has  no  bleaching  power,  but  contiuna  bromide  of  zinc  and  bromat 
of  zinc-oxide.  (Balard^  Xpr.  Ckem.^  4,  177.) 

Bt  Bromat E  op  ZiNC-oxn>E,  or  ZtNC-BaoMATE* — By  dissolring  ear. 

bonato  of  xinc-oxide  in  aqueoue  broniic  acid,  and  evaporating,  octohedron  " 
witb  oube-fac^s  are  obtained^  wbich  are  permanent  in  the  air.  Tfa 
erystalfl  effloresce  in  vacuo  over  oil  of  vitriol.  They  fuse  at  100^  bi 
do  not  part  with  all  their  water  of  crystal  I  i  Eat  ion  tiil  they  aro  heatetl  lo 
200^,  at  which  temperature,  moreover,  they  are  completely  resolved  into 
bromine  vapour,  oxygen  ffaa,  and  very  loosely  coherent  oxide  of  fine.  They 
dissolve  in  their  own  weight  of  cold  water,  (Kammelsberg,  Poff^,  52,  HO.) 


ZnO    ..,. 

402     ,. 

118*4     . 

540     ,. 

..     18-91 
..     r.5*69 
..     25-40 

Rammekberg. 
16*44 

BrO* 

6HO    „. 

58-31 
25-25 

ZnO,BrO*^6Aq. 

212-6     . 

..  100-00 

,.„       lOOOO 

Zinc  and  Chldrij^e. 

A.  CiTtonTDi!  OF  Zinc. — Butter  of  Zinc,  Buiprurn  Zinci. — 1.  Thiaj 
laminic  of  zinc  iutrodia-ed   into   chlurine  gas  at  ordinary   temporatur 
burn  with  a  white  light  and   form  chloride   of  zinc.  (H.  Davy.)     Zin 
heated  nearly  to  its  melting  point  in  a  current  of  dry  chlorine  gaa,  absorb 
the  chlorine,  with  vivid  emission  of  sparks.  (Borzclius.) — 2.  The  chlorid 
18  also  formed  by  heating  1  part  of  zinc  filiugs  with  2  part«  of  corroaii 
sublimate.  (Pott.) — 3.   By  evaponiting  tn  dryuese;  an  aqueous  solution  > 
Kini>chloride  prepared  as  described  below,  aoil  hen  ting  the  residue  i 
redness  in  a  gfa^  tube  with   narrow   aperture,  (J.  Davy,  Schw.  10^  331,^ 
At  the  very  high  temperature  required  to  debydmte  the  salt  completi^lyj 
hydrochloric  acid  ia  driven  off,  and  a  portion  of  zinc-oxide  remains  mixe 
with  the  chloride.  (Mousson,  J?iri.  Cnim.  Phys.^  (JD,  240,)— 4.  Byevajj 
rating  the  solution  to  dryness,  and  beating  the  residue  in  a  retort  till  ih 
chlorule  of  xinc   distila  over.    (Pott,    Brandt,) — 5.    Bv  distilling  I 
of  liue^oxide  with  2  part**  of  sal-ammoniac,  the  receiver  being  char^ 
after  a  while.  (Le8age.)'-6.  By  di»tillirig  dehydrated  mc-vitnol  will 
it^  own  weight  of  common  salt.     {Crdl  Chcm,  7.,  1,  116.) 

Whitish -grey,   ecmi-transparent,  soft  like  wax;   fuses,  according 
II.  l)avy»  somewhat  above  100^;  according  to  J.  Davy»  ju«t  l>elow  da 
redncwi,  and  on  cooling  becomes  first  viscid,  and  then  solid.     Sublimoe 
white  needles  :it  !t  whfte  heat.     Has  a  burning  and  nauseating  taste 
wlion  dilute.  '^^^^O — VVTien  heated  in  phosphurcltfd  hydrogen  gaJ 

it  yioKU  hy<l:  ;icid  goi  atid  phosphide  of  zinc.  (H.  Hose.) — W'itM 

cold  oil  of  vitrtoi,  it  suddenly  gives  off  all  \U  hydrorhlnrin  acid,  All 
leavoii  fmtphato^  of  zinc-oxide,  (A.  Vogcl.)  Forma  dclinito  componiifl 
with  Md-aniinonjao  and  chloride  of  potassium. 


1.  DATf  * 

47*e3    ..    &0 


Oft 


69*47 


OXYCHLORIDE  OP  ZINC.  31 

ffydrated  Chloride  of  Zinc  or  Hydrochhraie  of  iTtne-Oiwc^.— Chloride 
of  zinc  deliquesces  in  the  air. — Zinc  dissolves  in  aqaeoos  hydrochloric 
acid,  hydrogen  gas  being  evolved  and  a  colonrless  solution  formed. 
(Sch.  9,)  A  solution  of  zinc-sulphate  may  also  be  precipitated  by 
chloride  of  calcium,  the  filtrate  concentrated  by  evaporation,  and  the 
remaining  liquid  separated  from  the  precipitated  gypsum.  (Papengath, 
SAw.  Ann,  2,  143.)— The  solution,  evaporated  to  a  syrupy  consistence, 
and  mixed  with  a  small  Quantity  of  strong  hydrochloric  acid  (because  it 
gives  off  some  of  its  acid  during  the  evaporation)  yields  small,  highly 
deliquescent  octohedrons.  (Schindler.) 

CryHalliMBd.  Schindler. 

Zn    ..« 32-2      ....      4204  •...        39*80 

CI 35-4      ....      46-21  ....        43-81 

HO    9-0      ....       11-75  ....        16-39 

ZnCl  +  Aq    766      ....     10000        ....       10000 

Protoxide  of  tin,  hydrated  oxide  of  lead,  and  protoxide  of  mercury^ 
added  to  a  boiling  aqueous  solution  of  hydrochlorate  of  zinc-oxide,  preci- 
pitate all  the  zinc  in  the  form  of  oxychloride.  (Demar9ay,  Ann,  Phar. 
11,  251.) 

B.  Oxychloride  op  Zinc  or  Basic  Hydrochlorate  op  Zinc-Oxide. 
^-a.  When  aqueous  chloride  of  zinc  is  evaporated  to  a  syrupy  consis- 
tence, hydrochloric  acid  is  given  off;  and  the  syrup,  on  subsequent  cool- 
ing, solidifies  in  a  gelatinous  mass,  probably  from  separation  of  a  still 
more  basic  salt,  which  always  re-dissolves  when  heated.  Water  added  to 
the  syrup  throws  down  a  white  bulky  precipitate,  and  the  filtered  liquid 
gives  a  precipitate  with  tincture  of  galls.  (Schindler.)  A  similar  solution 
precipitablc  by  water  is  obtained  by  saturating  warm  concentrated  hydro- 
chloric acid  with  oxide  of  zinc. 

h.  ZnCl,dZnO.  —  1.  Formed  by  boiling  a  concentrated  solution  of 
chloride  of  zinc  with  oxide  of  zinc,  and  filtering;  the  compound  is  depo- 
sited on  cooling. — 2.  By  precipitating  hydrochlorate  of  zinc-oxide  with 
an  insufiicient  quantity  of  ammonia,  and  digesting  the  precipitate  in  the 
liquid.  By  (1)  fine  pearly  octohedrons;  by  (2)  soft,  white  powder. 
Dissolves  sparingly  in  water,  more  abundantly  in  aqueous  chloride  of 
zinc,  easily  in  acids  and  in  caustic  ammonia  or  potash.  (Schindler,  Mag* 
Pharm.  36,  45.) 


ZnCl   

3ZnO  

67-6      .. 

120-6 

...      32-78 

...       58-49 

8-73 

jscninaier. 
32-5 
68-8 

2H0   

180       .. 

8-7 

ZikCl,3ZnO  +  2Aq. 

206-2       .. 

...     100-00 

100-0 

The  compound  analyzed  by  Schindler  appears  to  have  been  dried  at  100^; 
the  compound  dried  at  38°  contains  4  At.  water.  (Kane.) 

c.  ZnCl,6ZnO. — 1.  Separates  in  the  decomposition  of  NH',ZnCl  or 
of  NH',2ZnCl  by  water.  —  2.  Precipitated  on  adding  ammonia  to  the 
aqueous  solution  of  chloride  of  zinc,  till  a  portion  of  the  precipitate  is 
re-diflsolved. — White,  tasteless  powder,  insoluble  in  water.  Gives  off 
water  and  chloride  of  zinc  when  ignited,  and  leaves  a  residue,  from 
which  water  extracts  chloride  of  zinc,  leaving  a  compound  containing  a 
r  proportion  of  oxide.  (Kane,  Ann,  Ghim,  Phys.  72,  296.) 


•'•i 


'//  7ASr. 

ihifd  atk'l'\  Kane. 

/../  I               f,7C  .  .  le-GJ  1913 

li/i.O      2II-2  ....  GOlS  65-85 

MIO                            .     ..  filO  .  14&9  15-02 

/iin.*,/HCn  li/\.|.    ..."....     3C2-8       ....     10000        100-00 

'llii. '<itM|i«ftiiii|,  wlinii  ilrif^l  .'it  ordinary  tempcratnrcs,  contains  23*5  per 
fMii  /lo  Af  )  f>f'  wiili'r;  wlicii  cIHcmI  at  a  high  temperature,  it  absorbs 
\ iliii  lilt   l.'i  |if'i'  riMil..  (4  At.)  of  water,  which  cannot  be  driven  out 

III    101)        (Klilir  ) 

i/  /.nri.n/nn,  l.  Prfcipitatod  on  diluting  the  symp  a  with  water. 
V  My  |iii  ri|iii,itiii;;  ihiiiimiii.m  y,in<M*hIoridc  With  an  insufficieut  quantity 
til  iiiiMiiiiiiiii.  mill  lllh'iiii^  iiiiiiuMliatoIy:  the  compound  thus  formed  con- 
liiiii".  Iiiiui<\i>r,  11  niiiiill  i|iiiiiitity  of  aniHionia.  (Schindler.) — 3.  By  adding 
iiiiliinli  liitii|iii>iiiiM  /nil*  rlilitridi*.  (ill  tho  mixture  be^rins  to  exhibit  an  alka- 
liiiii  II  iiriiitii  (KiiihO  ViTv  Mift,  wliito  powder.  Not  perfectly  freed  from 
I  lilniliio  liv  IhiiIiiii'  w  iih  r:irlMin:i(o  of  potash.  Converted  into  the  compound 
/•  liy  ili|!i<i(inii  wiih  tii|uoiuiN  xiiiO'ohloridc.  Insoluble  in  wat^r,  less 
Kill  111  i|  II  III  II  III  till  III  III  ih:in  /•.  but  oasiily  soluble  in  aciik.  (Schindler.) 

Schiodkr. 

.hU  Ur  f!       ...       14-81         14-41 

u.mO  ;iSl'S       ....       79*27        79-88 

mo  ::  0     ...      5-92      5-7i 

;m  l.'.».  nO  .  .\\,j  4.^0-4       .  .     100  00        10000 

'III*'  >^\\\  A-u\\\w\  l'\  V'5^  *-»>nt;rr.>  ."» i>*-  jvr  com,  of  chlorine,  and  22-6S 
(M   \«  ^  ^\niii.    i\\w\  \\\W<\  *;:\irj:.  it  aWorbs  4  atoms  of  vrater  bom 
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iiQG-oxide  18  tliflased — boiling  the  filterod  liquul  widi  nil  equivalent 
qnaotity  of  clilorate  of  potisli — uml  filtering  from  the  precipitated  silico- 
fluoride  of  potassium.  (0.  Henry,  J.  Pkami.  25,  200,) — Chlomto  of  zinc- 
oiide  crystallizes  apparently  iii  octoheclronf*;  tnstes  very  rough. — When 
thrown  on  red-hot  coaU,  it  ia  deroinpo^orl,  with  a  yellowifth  li^ht,  but 
without  actual  detonation.  In  contact  with  .'^8llpliuric  aeid  it  assumes  a 
yellowish  colour,  and  emits  an  odour  of  clihjric  oxide,  but  does  not  preci- 
iprtate  a  solution  of  nitrate  of  silver.  Sohiblo  in  water  and  alcohol. 
(VauqueHn,^nn.  Chim,  95.  113.)— Contains  ZnO.C10^  + 6  Aq,  (Waehter, 
J.pr,  Ckertu  2%  321,) 

I       E.  Perchlorate  op  Zmc-oxrDK   or  Zinc-perchlorate.  —  1.    By 

precipitating  perchlorate  of  baryta  with  xinc-vitrlob  and  concentrating 
by  evaporation .  (ScrulluB,  Ann.  C/ihn.  Fhp».  46,  305,) — 2.  Obtained  like 
chlorate  of  zinc-oxide,  method  2.  The  carbonate  of  zinc  precipitated  by 
excels  of  carbonate  of  eoda  from  5  parts  of  zinc-vitritib  ^"^  t<>  bo  treated, 
after  conversion  into  ^ilico-fluoride  of  zinc,  with  4  partsj  of  perchlorato 
of  potash-  The  filtrate,  when  evaporated  to  a  syrup,  and  then  left  in  a 
warm  place,  deposit?  crystals,  (0,  Henry.)  — ^  Prisms  united  in  tufts; 
deliquescent;  soluble  in  alcohol,  (Serullas») 


ZrXC    AND   F1.UORJNE. 

A,  Fluoride  of  Zixc. — Ilydrofluate  of  potash  mixed  with  solution 
of  Einc-vitriol  produces  a  gelatmouji  precipitate,  which  by  drying  m  con- 
verted into  a  white  tasteless  powder.  The  mnie  compound  is  obtained 
by  digesting  aqueous  hydrofluoric  acid  with  excess  of  zinc.  (Gay-Luasac 
&nd  1  henard.)  From  its  solution  in  aqueous  hydroflunric  acid,  thi^  com- 
|>ound  aepanUes,  on  evaporation,  in  small,  white,  opaque  crystals,  having 
the  tadte  of  zinc-salts.  It  dissolves  sparingly  in  pure  water,  somewhat 
njore  freely  in  water  containing  hydrofluoric  acid,  and  likewise  in  nitric 
or  hydrochloric  acid;  easily  in  a<|ueous  annnonia.  With  the  fluorides  of 
the  alkali-metals,  it  forms  colourless^  (Sparingly  soluble  compounds. 

Aqueoiti  Hydrojluaie  of  Zincjhujride  or  A  cid  Hi/drq^uaie  of  Zinc- 

tOJtidt. — Formed  l*y  dissolving  fluoride  of  zinc  in  aqueous  hydrofluoric 
acid,  or  by  dissolving  zinc  in  excess  of  aqueous  hydrofluoric  acid,  the 
reaction  being  attended  with  evolution  of  hydrogen.  (Sclieele,  Gay- 
Lussac  and  Thenard.) 

™  B.    FtUOBORlDE   OF    ZtNC    OT    HVDROFLrATE    OP    BoRAClC    ACID    AND 

2ij<c-oxiDE. — ZnF,BF^. — By  dissolving  ziuc  in  aqueous  hydrofluoboric 
acid  (II,  304)  till  no  more  bydrogen  is  evolved  at  ordinary  temperatures. 
The  solution,  when  evaporated,  leaves  a  syrup,  which  solidifles  on  cooling 
and  deiicj^nesces  when  exposed  to  the  air. 


I 


Zinc  and  Nitrogen. 


\.  Nitride  of  Zinc? — A  long  glass  trough  contains  water  and 
pieces  of  sal-ammoniac;  into  one  end  of  this  trough  there  dips  a  platinum 
wire  connected  with  the  negative  pole  of  a  six -pair  Grove's  battery; 
into  the  other,  a  ball  of  zinc  connected  with  th*.^  positive  pole.  A  spongy, 
foliated  mass,  of  the  colour  of  graphite,   then  collects  on  the  negative 


ZINC. 

wire;  iIiIm  miv^H  rtrowx,  anil  rises  to  tlio  eurja^e  frofii  tlie  bvojrsaer  ol  At 

H«iln"rii»^  iron  iHilittlrK.  Wlitnj  wusIruI  witU  wuter  oo  ilie  filler^  Mid  lima 
tlriiul  III,  u  initio  hm\,  it  iiji|ieiir8  grey,  without  tnetallie  Issti*^  bit  ft 
deti^itv  of  4'<]»  iitti)  coiului'tf^  dt^t^trttnty. — 5  grains  of  l^ia floKctftBee  jieU* 
whun  tguited,  U'73  ruk  iiL  i^f  ii  mixture  of  between  3  sud  4  rol.  niti^^^ 
grm  to  1  vt>l.  hytirn^cn.  The  lust  portions  of  gas  eToWed  ftppear  to 
i*ijt)«i«i  chU'fly  «»i  liyiJr%^n,  »lerived  apparently  from  tho 
of  tlio  lullinrln^'  wfttor:  for  i»Hti«tiiro  m  likewise  depoetied  In  tlie 
Till*  i>,niituil  r*^*iiiluo  oxliil»it»  con  tract  ion,  but  without  cbange  of  i 
Nitricio  of  /J DC  liJK^MlvoH  liko  7.iiic  in  aqueous  acttls,  but  llie  iiydf«g«l 
ovoIvimI  ronUiuf'  II  siijull  fjimntity  of  nitrogen.  (Grovej  PhiL  Mag.  •/•  Id, 
m,  uImo  Poiftj,  ^i,  lOL) 

B,  NiTllATR  OF  ZlNC-OXtl)E»  OF  ZrNC»XITRATB.-^a.  Octo^ofjc, FoflDtl 

by  boating  tlio  ^aU  c  till  it  becomes  nearly  8<ilitl.  (Grouvclle,  Ann.  Ckim. 
Jrhif$,  UK  137.)  Tbo  salt  e»  wlivn  Uoateti  till  part  of  the  aciJ  U  drivct 
oir,  retains  its  tninsitarency  at  tirst  |^Thc  nia^s  dissolves  partially  oa 
tiooljni^t  leaviiio^  a  white  resitlno  consisting  of  a  baste  falu]  If  n  krcfr 
tjuuntity  <>(  aoiU  l»o  ilriven  off,  the  melted  ma^s  appears  turbid  ;  ana  if 
trt^iiUHl  with  water  after  cooling*  leaves  a  yollowiab  residue,  oonsislilif 
of  tlie  salt  <j,  (Sehiiiiih^r,) — 2.  By  preeipitiitin?^  the  salt  €  with  an  insut 
fleient  fjntintity  of  ammonia,  (drouvelle.)  The  precipitate  contains  a 
iQiall  i|uautity  of  ammonta.  (SebindJer.) 

GroQTelle  (1.)  Sohindler  (1.)  Groftvelk  (2.) 

ftZttO 311*6     ..  *     $Vn       ...       81-69       , ,,       81  70       -»,       ?«  W 

NO* &40     ..„     U  7i      .,.       13  75       .„,       13-76       ..,.       UU 

^H(l XBQ    .,..       4  57      *«.        4*i6        ..        4  54       ...        $'7^ 


i£tiO,NO*^iA%    af3*e    **M  lOQIH} 


10000 


100*00 


100-00 


Tba  mAi  obtained  by  (S)  coataina  4  At,  w^ater.  (GrouvelleO 

6,  Qiiatirvhojiic,     The  sdt  <t  digested  with   the   solution  af  c  fWiUi 
upi  turns  white,  lutd  forms  a  looae  powder  when  dry,  (Schindler.) 


4Zna. 
2110    . 


1009 
54  0 
10*0 


ltM*4*^««*t«««l 


690? 

S3  19 

r74 


Schindlcr* 

6*i90 

2.^41 

769 


4ZuO.N<r  -  ;;\q*. 


13^8 


iO(hoe 


10000 


Tbo  ft<iu^tu  solution  of  ^,  botbHl  witb  oxido  of  imo,  doet  &ol 
ftny  of  that  comiiouDd.  (Schindler) 

^  Qerhardt  has  obtained  a  l»tuic  nitnile  of  iloe-oxide  whieb  mitaK 
liies  in  pridmatic  Detdlw,  lUid  contaioi  4 ZoO.N 0*^3110.  Lf,  jiarm, 
a*  ier,  18,  01)  IF. 

c.  MonQHiirafe.  Niirie  acid  mpidlr  dissolves  iinc,  prodiietl|r  fW** 
beat,  and  evolving  nitrotfeii,  nitrous  oxi<ie,  and  nitric  oxide.  (IK  374  a»d 
8D7.)  The  Mail  emlauiiei  froiii  very  oonci^ntrated  solutions  in  Iraas* 
p4reDt«  eolourle«s,  flattened,  siriate^L  foursided  prisnia,  with  £b«r*«iiM 
•ummiu  :  it  ba^  a  styptic  ta^u^  Fusee  wbea  bcmled,  nad  u  IW  givee 
off  as  p*e.  (3  At )  wftiidr ;  ibv  mmainiiig  a  Uomm  mim  nai  endnri  tsU  » 
lemperature  is  atuioed  at  whieb  ibe  ailfie  a^id  lieelf  ia  dnrea  eC 
(Urahani)  The  ucid  Is  fipii  evolved  ia  its  eatire  clate|  Ic^kibef  vjifc 
liie  waUiri  afterwards  m  ibe  form  ol  b/pooilrie  i      ' 
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gas.  (Scbindler.)  Detonates  with  a  red  flame  on  dowing  coals.  Deli* 
qoesces  in  the  air;  dissolves  readily  in  water  and  alcohol.  Hydrated 
oxide  of  lead  boiled  with  the  solution  precipitates  the  sine  completely  in 
the  form  of  a  basic  salt.  (Deniar^ay.) 


2n0 

NO»  

6H0 

Cryitallized, 
40-2     ....     2712 
64-0     ....     36-44 
540     ....     36-44 

Graham. 
26-94 

Bchindler, 
....       25-6 
....       34-5 
....       39-9 

2nO,NO«  +  6Aq. 

148-2     ....  10000 



....     100-0 

According  to  Oraham  {Anfi.  Pharm.  29,  17)  and  Millon  (Compt. 
rend.l  4,  905),  the  crystals  contain  6  At.  water;  Schindler's  analysis 
gires  T  atoms. 

C.  Ziwc-oxiDB  WITH  Ammonia. — 1.  Hydrated  zinc-oxide  dissolres 
easily  in  aqueous  ammonia.  The  ignited  oxide  does  not  dissolve  at  all 
In  ammonia,  according  to  Firnhaber;  according  to  Scbindler,  it  is  but 
very  sparingly  soluble,  but  its  solubility  is  greatly  increased  by  traces  of 
diflferenl  ammonia  and  potash  salts.  The  most  efficient  salts  in  this 
respect  are  the  phosphates;  then  follow  the  arseniatefl,  hydrochlorates, 
sulphates,  nitrates^  acetates,  carbonates,  tartrates,  citrates,  and,  lastly, 
the  sulphites.  Succinic  and  benzoic  acid  farour  the  solution  only  when 
the  ammonia  is  very  dilute;  boracic,  hydriodic,  chloric,  arsenious,  oxalic, 
and  gallic  acid,  when  dia;ested  with  zinc-oxide  and  ammonia,  do  not  pro- 
mote the  solution  of  the  oxide,  but  combine  with  it,  together  with  a 
small  quantity  of  ammonia.  For  instance,  on  adding  to  ammonia  in 
which  zinc- oxide  is  diffused,  a  few  drops  of  phosphate  of  ammonia  or 
potash,  the  zinc-oxide  is  immediately  dissolved,  especially  if  heat  be 
applied.  (Scbindler.)  Hence  may  perhaps  be  explained  the  fact  observed 
by  Firnhaber  (Schw,  42,  246),  viz,  that  zinc-oxide  precipitated  by 
ammonia  from  a  solution  of  the  sulphate  [the  precipitate  contains 
sulphuric  acid],  dissolves  readily  in  ammonia,  even  after  ignition.-^ 
2.  Zinc  immersed  in  ammonia  and  placed  in  contact  with  iron  dissolves 
slowly,  with  evolution  of  hydrogen,  and  forms  the  compound  under  con- 
sideration. (Runge.)  By  this  process,  without  any  admixture  of  acid| 
a  highly  concentrated  solution  may  be  obtained;  100  parts  of  such  a 
solution,  which,  after  the  removal  of  the  metallic  iron  and  zinc,  had 
already  deposited  crystals  of  hydrated  zinc- oxide,  was  found  to  contain 
3*95  parts  (1  At.)  zinc-oxide  to  7  68  parts  (rather  more  than  4  At.) 
ammonia.  (Scbindler.)  The  zinc  likewise  dissolves  without  the  presence 
of  the  iron,  but  more  slowly.  The  solution  is  colourless;  if  concentrated, 
it  becomes  turbid  on  dilution  with  a  considerable  quantity  of  water.  The 
solution  obtained  by  (2)  may  be  mixed  with  15  times  its  bulk  of  water 
without  producing  turbidity,  but  with  a  larger  quantity  of  water,  it 
gives  a  coagulated,  and  with  a  still  larger  quantity,  a  pulverulent  preci- 
pitate. (Scbindler.)  The  solution  (1),  when  it  evaporates  in  the  air, 
yields  needles  [probably  consisting  of  carbonate  of  zinc-oxide  and 
ammonia],  and,  when  evaporated  In  the  sand-bath,  leaves  an  inodorous 
mass,  soluble  in  water,  and  evolving  ammonia  when  treated  with  potash. 
( Wittstein,  Repert.  57,  60.)  The  solution,  when  evaporated,  leaves  oxide 
of    zinc  containing  small    quantities   of  ammonia  and  carbonic    acid. 

i Bonnet.)     Baryta,  strontia,  and  lime-water  added  to  the  solution  throw 
own  a  portion  of  the  zino-oxide  in  combination  with  the  earthy  alkali. 
(Benelius.) 
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G.  Pyrophosphate  op  Zinc-oxide  and  Ammonia. — Zineo-ammonic 
Pyrophosphate. — Formed  by  mixing  hydrochlorate  of  zinc-oxide  with  a 
sufficient  quantity  of  sal-ammoniac  to  prevent  precipitation  by  ammonia, 
and  tlien  adding  a  mixture  of  ammonia  and  pyrophosphate  of  soda.  The 
precipitate  must  be  washed  till  the  water  no  longer  renders  a  silver- 
solution  turbid,  then  pressed  between  paper,  and  dried.  If  the  same 
process  be  used  as  for  salt  F,  with  the  substitution  of  pyrophosphate  of 
soda  for  the  ordinary  phosphate,  the  resulting  precipitate  will  contain  too 
macb  zinc-oxide  and  too  little  phosphoric  acid  to  exhibit  any  stoichio- 
metric relation.  The  precipitate  formed  by  the  first-mentioned  process 
has  the  appearance  of  loose  flakes.  When  ignited,  it  leaves  79*3  per 
cent,  of  zinc-phosphate.  Contains  in  100  parts — ammonia,  5*78;  zinc- 
oxide,  42*43;  pjTophosphoric  acid,  37 '31;  water,  14*78, — corresponding 
to  the  formula,  2NH=»-h6ZnO-h36PO*+9aq.  (Bette.) 

H.  Metaphosphate  of  Zinc-oxide  and  Ammonia. — Zinco-ammonic 
Mftaphosphate. — Zinc-vitriol  mixed  with  ammonia  is  precipitated  by  a 
solution  of  vitretied  metaphosphate  of  soda,  likewise  mixed  with  ammonia. 
A  white  precipitate  is  immediately  formed,  and  subsequently  coagulates 
in  a  resinous  mass.  When  dry,  it  forms  a  white  powder.  The  dry  pre- 
cipitate contains  in  100  parts — ammonia  6*50;  zinc-oxide  46*45;  phos- 
phoric acid  33*68;  water  13*37:  it  is  probably  a  mixture  of  a  double 
metaphosphate  with  a  double  phosphate  containing  ordinary  phosphoric 
aeid  (Bette.) 

1.  Ammonio-hyposclphite  op  Zinc-oxide. — Aqueous  hyposulphite 
of  xinc-oxide  supersaturated  with  ammonia  and  then  mixed  with  absolute 
alcohol,  deposits  this  salt  in  white  needles.  These  crystals,  when  heated, 
rapidly  evolve  a  large  quantity  of  ammonia,  yield  a  sublimate  of  sulphite 
of  ammonia  and  a  very  small  quantity  of  sulphate  of  ammonia,  and  leave 
a  mixture  of  sulphide  of  zinc  and  sulphate  of  zinc-oxide.  They  are 
decomposed  by  water,  with  separation  of  flocculcnt  zinc-oxide.  (Rammels- 
^rg,  Pogg.  5Q,  62.) 

Cryttallized,  Rammelsberg. 

NH3    17*0        ....         16*16 

ZnO    40-2         ....         38*21         39*62 

S^O^    48*0         ....         45*63 

NH»  + ZnO,  8*02  ....       105*2        Z       lOO'OO 

K.  Ammonio-hyposulphate  of  Zinc-oxide. — Warm  aqueous  am- 
monia saturated  with  hyposulphate  of  zinc-oxide,  yields  small  crystals  on 
cooling.  These,  when  heated  in  a  retort,  yield  free  ammonia,  a  sublimate 
of  sulphite  and  sulphate  of  ammonia,  and  leave  a  residue  consisting  of 
sulphate  of  zinc-oxide  with  a  small  quantity  of  sulphide  of  zinc.  (Ram- 
melsberg, Pogg.  58,  297.) 

CrytiaUized,  Rammelsberg* 

2NH» .340       ....       23-26        2253 

ZnO    40-2       ....       27-50        27*50 

S^O*    720       ....       4924         

2NH>  +  ZnO,8-0* 14?2      ....     100*00 

L.  Qdadrobasic  Zinc-sulphate  with  Ammonia. — The  flowers  of 
sine  met  with  in  commerce  sometimes  consist  of  this  salt.  It  is  precipi- 
tatad  when  a  boiling   solution  of  zinc-vitriol  is  supersaturated  with 
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ZINC, 


ammonia,  and  the  boiliug  continuecl  tiU  the  Ixqaid  no  loogtr  aaeUs  CI 
ammotiia,  (Schiudlor,  JitpeH,  31,  20.)  S 


2NH«  . 
4ZnO  . 

SCP 

4HO   . 


34  0 

160-8 
'lO'O 
36-0 


12-56 

59*38 
U'77 
13-29 


1200 
59*53 
UM 
13*33 


2NH»+4ZuO»SO«  +  4Aq, 270-& 


100-00 


5H>'32 


Thp  eolution  i>f  qnadrolm^ic  or  liiWif*  JtiDC-siilplmte  in  anm  M^ 

Miuill  crystals  on  the  a<itiitioii  cf  ?ilcf>Iml;  but  on  dilution  wi  it 

gives  a  precipitate  in  which  the  cjmmtity  of  acid  aud  aninsuni;*  la  K;^^  in 
proportion  aa  the  dilution  i.*^  greater.  Atjueous  uu^no^?ulphJAto  uf  line 
oxido  mixed  with  a  quantity  of  animonia  jnat  sufflcifHt  to  re-dissulTc  the 
precipitate,  it^  Dot  rendered  tnrhid  hy  small  quantities  of  wnter;  hut  with 
larger  quantitieei  it  forms  pulveralcatj  and  with  gtill  larger  quantities,  gela- 
tinous precipitates,  containing  oxide  of  zinc,  sulphuric  acid,  and  amroooi*^ 
when  the  quantity  of  water  is  still  further  increased,  a  heavy  powder  i« 
thrown  down  consisting  of  nearly  pure  hydratcd  ziuc-oxide.  A  solution 
of  xinc-vitriol  Huper.satumtod  with  ammonia  and  exposed  fnr  some  liixie  to 
the  air^  deposita  quadrobasic  t^ulpliiite  of  zinc-oxide,  while  &u]|)hate  <rf 
jtinr-oxldo  and  animonia  renrainis  in  eolation.  (Schindlcr,  i/<fy.  rharm, 

a  is  the  precipitate  formed  by  mixing  cine-vitriol  with  an  infru0ieieat 

quantity  of  ammonia,  h.  Wttli  a  slight  excess  of  ammonia,  (If  tkt 
addition  of  annuonia  be  discontinued  as  soon  as  the  precipitate  ceases  t« 
fonUi  the  double  ^iilpliate  of  zine-oxtdo  and  ammonia  remains  to  (he 
solution.)     I*.    The   precipitate  obtained  by  mixing  linc-vitriol   with  A 

3iiantity  of  ammonia  Huflirient  to  re-dis.solve  the  precipitate  and  tKca 
ilutiug  with  water.  (Bonnet.)     [The  amount  of  w^ator  U  not  fttat4*d-] 


«. 

k. 

0, 

NH» 

1'05 

4-02 

nt 

ZnO  ..    ., 

82-27 

82':i7 

81-65 

*»o*    

16'GIS 

13-61 

I5d3 

10000 

100-00 

...       10000 

M.  MuNoiusfc  ZiKc-stJLPBATE  WITH  Amuokia.  —  a,  5Nir+ 
2(ZnO,  SO*).  100  part-i  of  anhydrous  rinc  vitriol  rapidly  absorb  51 'fl 
parts  (2 4  At.)  of  ammonia,  great  heat  being  evolved  ami  the  nil 
uwclliT^g  up  and  ullimatt-ly  crumbling  to  a  white  powder.     The  comi      '*" 

mhrn  heated  to  redncfti*,  givc«   ofl'  anmionia  with  ebullition,  yiohlii 

fmall  sublimate  of  sulphite  of  ammonia,  atid  a  residue  which  is  oo  lunger 
•elublfl  in  water*  It  di^solvi'^  in  water  with  partial  aeparation  of  sine- 
omide.  (H.  Rose,  Po^.  t20,  UIK) 

6.  SNH'-hZnO^  SO'.     When  ammoniaral  gas  is  tkuseod  throa^li  ft  liol 
antumted  iiolution  o(  iinc-vitriol»  iill  the  precipitate  is  completelv  r«  di#- 
tolved,  the  cumum  und  c  \m  depositid,  on  cooling,  in  floeculcnt  granulftf, 
Mlity  of  the  mil  €  is  obtained  by  tiltering  the  liquid 
iiihI  .^1^11-1  "vniMTuting  it  to  dryne5«  or  k<>rpiDg  it 
'  I  to  evajwrate  at  ordinary  iempeni- 
Her  are  transparent  whilt?  mout,  hut 
^  b'  >>  drimj  in  the  air,  |»aasing  in  faet^  wUh- 

•1 .i*4^2tiO,  SO"  +  4Aq   into   2NH*i^Zfta. 

.WtufU  ktpi  for  awhile  at  a  t«mi»eratur«  bvtwwn  n^  aad 
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88^  thej  gira  off  an  additional  atom  of  water  and  crumble  to  a  white 
powder,  coDsiating  of  2NH»4-ZnO,  SO'-f  Aq.  The  latter,  if  kept  for 
awhile  at  100^,  gives  off  water  and  ammonia;  but  to  get  rid  of  all  the 
water  it  is  necessary  to  fuse  the  salt.  If  merely  heated  till  it  begins  to 
melty  it  leaves  a  gummy  mass  =  NH'+ZnO,SO^+Aq;  after  longer 
fusion  there  remains  NH'  +  ZnO,SO^  constituting  79*13  parts  out  of  100 
parts  of  the  white  powder.  This  compound,  when  subjected  to  a  con- 
tinnally  increasing  heat,  gives  off  all  its  ammonia,  and  leaves  mono- 
snlphate  of  zinc-oxide.  This  last-mentioned  salt  constitutes  54*66  p.  c.  of 
the  recently  prepared  crystals;  60  p.  c.  of  the  crystals  after  efflorescence 
in  the  air;  and  6607  p.  c.  of  the  white  powder  dried  at  27^  If  the 
heat  be  too  suddenly  applied,  sulphite  of  ammonia  sublimes  and  the 
residual  zinc-sulphate  contains  excess  of  oxide.  The  crystals  are  soluble 
in  water. 


At.                  Bfflort 

NH» 2      ....        340 

ZnOiSC  , 1      ....        80-2 

iced  aht 

me  2r. 
27-60 
65*10 

HO    1      ....          90 

7'30 

NH« 

ZiiO,80»  ... 

HO 

1      ....      123-2 

At. 

....       2      ....      34-0    25-72 

...       1       ....       80-2    60-66 

....       2       ....       18-0     13-62 

At. 
2 

1 
4 

100-00 

lUemt  eryttaU, 

....      340    ....     22-63 
....       80-2     ....     53-40 
....       36-0     ....     23-97 

132-2     100-00 

150-2     ....  100-00 

<?.  NH'+ZnO,  SO*.  1.  Deposited  in  the  preparation  of  b,  in  floccu- 
lent  granules  resembling  starch. — 2.  Obtained  as  a  gummy  mass  by  fusing 
b  for  a  short  time.  In  whichever  way  the  compound  is  prepared,  it 
contains  1  atom  of  water.  When  fused  for  a  longer  time,  it  gives  off 
water,  and  when  strongly  heated,  leaves  75*02  per  cent,  of  monosulphate 
of  liuc-oxide.  Both  in  the  hydrated  and  in  the  fused  state,  it  is  decomposed 
by  contact  with  water,  the  compound  b  together  with  sulphate  of 
ammonia  dissolving  in  the  water,  and  sexbasic  sulphate  of  zinc-oxide 
(p.  22)  being  separated.  (Kane,  Ann,  Chim,  Phys,  72,  304.) 

Dehydrated,  Starch  or  gym-like  talt, 

NH» 17-0      ....       17*49  NH' 17*0      ....       1601 

ZnO,SO* 80*2       ....       82*51  ZnO,SO» 802       ....       7552 

HO 90      ....        8-47 

97^^      ....     10000  106-2      ....     100-00 

N.  Sulphate  of  Zinc-oxide  and  AMMOMiA.^Ztnco-amtnontc  StU- 
phaU.  Transparent,  colourless,  hard,  bitter-tasting  crystals,  having  pre- 
cisely the  form  of  the  double  sulphate  of  magnesia  and  ammonia. 
(Mitscherlich.)  According  to  Tassaert  {Ann,  Chim,  Phys,  24,  100)  they 
consist  of  octohedral  segments. 


NH» 

17-0 

8-49 
2008 
39-96 
31-47 

Tsssaert. 
804 

ZnO 

280»    

40-2 

80-0 

19-74 
39-90 

7HO    

FeO.   occidental    

63-0 

30-90 
1-42 

NH^,80»-fZiiO,80>-i-6Aq....    200-2        10000        100-03 
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O.  Avvo^ao-ioDTDE  OF  Znrc— 4.  100  puts  cf  imc-iofidf,  «zpo0ed 
to  a  ^nrrest  '>f  :imisciiiacftl  gv,  absorb  26  933  per  cent,  (not  quite  3 
at/Aft'y  fif  air.ciocia.  l^eomiiie  rerr  bot,  swelliii^  mp.  and  cnunUing  to  a 
vbtVr,  ifiot^^iT-^oberect  fovder.  Coid  water  cieeoBipoees  it^  riTing  off 
aamK^ia  ana  Mrparatiog  zicc-oxide  free  firom  iodiiie;  bot  a  small  portion 
of  zinr,  likev:«e  diseolTes — 6.  Tbe  sc^otion  of  nne-iodide  in  acpieoos 
aamMota,  wben  left  u*  evaporate  freelr.  jiebis  aBkjdroas  wbite  erjatalf 
wbidi  bare  a  strong  liutre,  are  permanent  in  tbe  air,  and  wben  Mated 
m  eloM  Te»!eU  are  resoWed  into  ammonia  wbicb  escapes  as  gas,  and 
MitUb  of  xioe  wbicb  fublimes:  cold  water  acts  npon  tbcm  jost  as  npon 
salt  a;  tbej  dl&solTe  readily  in  adds.  (Rammekba^gy  ^<V9'  ^^  13S.) 

ZSn*,„     510     ...     24-38     ...     21-21  2XH«...     14-0     ...     17-60 

Z^ S2'2     ...     15-391  .aoo  2«* ^^-J     ...     16*75  ...  I6'66 

1 1260     ...     60'23f  ••     *^  '^  1    126-0     ...     65-56 

209  2     ...  10000     ...  100  00  1»2     ...  lOMO 

P.  lofiiDE  OP  Zi>'c  AND  Axxoxim. — An  aqneoos  mixtnie  of  iodids 
of  zinc  and  bydrifidate  of  ammonia,  eraporated  over  oil  of  ritriol  in  a 
ntrcMrir^r  containing  air,  jielda  extremely  deliqaeecent  cirstals.  (Rammels- 
Urg,  P'^g,  43,  663.) 

Cryttmlliztd,  Rimatflibfag. 

NH« 18-0       ...         5-06 

7,n 32-2       ...       10-65         10-269 

21 252-0       ...       8339         80-644 

MI<l,Znl     302-2       ...     10000 

Q.  Ammo5i*>-iodatr  op  Zinc-oxipe. — Separates  from  a  solution  of 
xtnc'i'idate  in  ammonia,  in  rhombic  crystals  by  spontaneous  eraporation, 
and  tin  a  white  jK^wder  on  the  addition  of  alcohol.  Tbe  crystals,  wben 
tx\tff>«A  to  the  air,  effloresce  rapidly  from  loss  of  ammonia.  When  heated, 
they  melt  and  leave  oi^ide  of  zinc.  They  are  decomposed  by  water. 
(Ramniehberg,  Pogg.  43,  QQ5.) 

CryttaUized,  Rammdsberg. 

4NH» 680       ...         9-90         1064 

3ZnO 120  6       ...       17-57         18*03 

3ir>»    4980       ...       72-53         71-33 

TnH»'+  .VZnO,  lO ;  . . . !  ~        C8ti-6       ...     100  00         ZZ.       10000 

R.  Ammomo-bromidr  of  Zinc. — A  concentrated  aqneous  solution  of 
zinc-bromide,  suiH-rHaturated  with  ammonia  and  evaporated,  yields  colour- 
less octohedronH,  which  fuse  and  /^ivc  off  all  their  ammonia  wben  heated; 
and  when  di^e>>te<l  with  water,  ct>pecially  with  the  aid  of  heat,  are  com- 

Idctely  re^ilved  into  precipitated  oxide  of  zinc,  and  a  solution  of  bydro- 
»romate  of  ammonia  free  from  zinc.  (Ranimelsberg,  Pogg.  55,  240.) 

NIP    

Zn  

Ilr 


(yyttallized. 

RammelsbCTg. 

170       ...       13-32 

12-98 

32  2       .  .       25-24 

25-82 

78-4        ...       Cl-44 

59-87 

MP.ZiiBr 127-6       ...     10000         98*67 

S.  Ammonio-bkomatr  op  Zinc-oxide. — When  ammonia  is  added  to  an 
aqueous  solution  of  zinc-bromato  till  the  precipitate  first  formed  is  re-dis- 
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solved,  and  the  liquid  evaporated  [best  under  a  bell-jar  with  hydrate  of 
potash  and  quick-lime],  small  prismatio  crystals  are  obtained.  These 
crystals  when  heated,  are  decomposed  with  a  hissing  noise  and  a  back- 
ward and  forward  motion,  and  give  off  bromine.  With  water  they  are 
converted  into  oxide  of  zinc  and  bromate  of  ammonia  which  dissolves. 
When  exposed  to  the  air,  they  attract  moisture  and  turn  yellow,  evolving 
bromine  and  afterwards  giving  up  bromide  of  zinc  to  the  water.  (Ram* 
melsbergy  Pogg.  52,  90.) 

Crytiallized.  Rammelsberg. 

NH»    170      ...        8-39        8-52 

ZnO    40-2       ...       19-84         19*41 

BrO»   118-4       ...       58-44 

3HO   27-0       ...       13-33 

NH»  +  ZnO,BrO«  +  3Aq.  ...       202*6       ...     lOO'OO 

T.  Ammonio-chlortdr  op  Zinc. — a,  2NH',ZnCl. — Formed  by 
passing  ammoniacal  gas  through  a  hot  concentrated  solutiou  of  zinc- 
chloride  till  the  precipitate  is  re-dissolved — filtering  quickly,  in  case  any 
flocculent  matter  should  remain  undissolved — and  leaving  the  solution  to 
cool.  The  compound  a  then  separates.  The  mother-liquor,  when  evapo- 
rated,  yields  crystals  of  the  compound  h. — a  appears  in  small  lamiuse, 
having  a  pearly  lustre  and  feeling  like  mica.  At  149°  it  gives  off  all  its 
water  and  half  its  ammonia,  and  leaves  77' 22  per  cent,  of  a  white  powder, 
consisting  of  NH*,ZnCl.  When  more  strongly  heated,  it  leaves  NH*, 
2Zn.Cl.  (Kane,  Ann.  Ckim.  Phys.  72,  290.) 

Crytiallized,  Kane. 

2N1P 340      ...      30-74 

Zn  322       ...       2911 

CI    85-4      ...      3201        3114 

HO 9-0      ...        8-14 

2NH»+ZnCl  +  Aq.        110-6       ...     10000       =      NH2,ZnCl  +  NH»,H0. 

b.  NH',ZnCl. — For  the  preparation,  vid.  a. — Square  prisms  having 
a  glassy  lustre.  The  compound  fuses  when  heated,  giving  off  its  water 
and  half  its  ammonia,  and  forming  a  transparent  liquid  composed  of 
NH*,2ZnCl,  and  amounting  to  85-64  per  cent,  of  the  original  substance, 
(Kane.) 

Crystallized,  Kane. 

2NH3 34-0       ...       19-08 

2Zn  64-4       ...       3614         35*61 

2Cl 70-8       ...       39-73         3947 

HO 90       ...         5-05 

2NH«  +  2ZnCl  +  Aq 1782       ...     lOO'OO 

c.  NH',2ZnCl. — When  a  or  6  is  fused,  this  compound  remains  in  the 
form  of  a  clear,  colourless  or  yellowish  liquid  which,  on  cooling,  solidifies 
into  an  amber-yellow,  gummy,  very  slightly  crystalline  mass.  It  boils  at 
a  heat  near  redness  and  sublimes  undecomposed  in  amber-coloured  drops. 
When  heated  with  lime,  it  evolves  a  large  quantity  of  ammonia.  When 
treated  with  water,  it  is  resolved  into  the  compound  &,  which  dissolves, 
and  oxychloride  of  zinc,  ZnCl,6ZnO -f- 6Aq  (p.  32^,  which  remains  undis- 
solved. (Kane.)  According  to  Grouvelle,  chloriae  of  zinc  absorbs  am- 
moniacal ffas;  according  to  Perzoz,  the  quantity  absorbed  is  half  an  atom, 
and  the  luworption  does  not  take  place  without  the  aid  of  heat. 


z\m^ 


NH* 

ZZnCl  

135-2 

...        11 -IT 

NH»,2ZnCl 152-2 


loooa 


IT.  Chloride  op  Zrsc  and  AMSfONfun. — A  pohitinn  of  1  part  of 
oxide  in  strong  liydrocLloric  acid  ntixetl  with  I  part  of  eal-atnmoDiac  and 
evaporated— the  acid,  as  it  escapes,  being  replaced^ — yield*  on  cooling, 
transpiirent  and  colourless  rectangular  pri^^tus,  truncated  at  tbc  lateral 
edge«  and  tbe  corneri*,  and  having  a  sliarp  metallic  taste.  Tljey  arc  per- 
mauf  nt  in  dry  air,  Lut  deliquesce  in  moist  air,  and  diaeolve  without  dee*^ni 
position  in  water.  {Sthtudlcr,  3/r/y  Pharm.  36,  37.)  When  heated,  ibr 
are  re&olved  into  gal-ammoniac  which  volatilizes,  and  chloride  of  zino  whi 
remains  behind.  They  dissolve  inlo  \  pt.  of  cold  watefi  producing^ 
gredt  fall  of  temperature  and  iu  0*28  pt.  boiling  crater.  (Goliier — 
Basftcyrei  Ann.  Chim.  Pky$.  70,  344.) 


ni- 

M 


NH*C1 
ZaCi  .. 
HO 


NH<ClEnCl+Aq 1300 


CryttaiiiMed, 
63-4       ...       4108 
e7*6       ...       52*00 

^100  00 


Sekindlor. 
41  "20 
520^ 


100*00 


Oxide  of  tine  difi8olre«  in  aqneous  eul-ammonioo.  (Th^nard,  Sch€r^ 
10,  428.)  A  solution  of  hydrated  £ino-oxide  in  gently-warmed  »al* 
aronioniae  yields  the  above-mentioned  crystals  on  evaporation;  butjifil 
he  boiled,  the  ammonia  escapes,  and  biisic  hydrochlorate  af  ainc-oxide 
a  (tMige  31)  ie  produced,  from  which  the  compound  6  m  precipitated  on 
cooling.  (Seliincllor) 

Wbeu  chloride  of  zinc   is  precipitated  by  an  insufficient  (p  f 

ammonia,  a  preeipitate  is  fi»rnied,  containing  oxiile  of  zinc  79  ^'  • 

of  zinc  14  HO;  eal- ammoniac  2  S7 1  a  e light  excc>s  of  ammonia  j  i 

gelntinouf!  precipitate  which  exhibits  an  aikaline  reaction,  ever» 
washing,  and  contains  2*42  per  eent.  of  anvnmnia  and  11   111  chloiitie,  tiiu 
liquid  filtered  from  it  yields  crystals  of  the  double  chloride  of  xinc  and 
ammonium.  (Bonnet,  J«ri.  rhmm.  .9,  170.) 

%  By  mixing  solutions  of  1  pt.  sal  ammoniac  and  2  pta.  chloride  of  aiocv 
Ilautz  obtained  a  »<alt  whiclt  separated  in  cry^tald  belonging  Iu  the 
oblique  prii*matic  j^yMeni,  The  cry»tal«  were  very  i»olublo  In  water  and 
thowed  a  tendency  to  deliquesce  w  hen  exposed  to  the  air. 


Nil* 
SZn.. 

iHO 


I « «■•■ .•» •♦■ ••• •.•»»■ 


NBH:U2Ztta4  4Aq*    -  •'      22<>'fi 
{Ann.  Phamu  60,  287*)  ^ 


OytidlHstd. 

Haata. 

180       .,.         7*^5 

e-oo 

664                 2917 

29'OS 

106  2         ,       46*95 

46-46 

360       ...       15-93 

I6'l« 

226-6       ...     10000 

...        9977 

ZlJCC    A5D    FoTA981!7M, 


A.  AttoT  OF  ZjTic  AND  PoTAsaiFM.^ComhinatioD   between  th 
two  nelala  takee  place  at  high  temper&turen  on) v.— Tbe  alloy  la  a  brityi 
granohir   miMi  which  fnaea  at  a  red  heat.^lt  oxtdet  in  the  air,  r^' 
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daeonipoBet  w»ier  nipidlj,  especially  when  acids  are  present.   (Gaj* 
Losaao,  and  Th^nard.) 

B.  Zinc-oxide  with  Potash. — Zinc  dissolves  in  aqueous  solution  of 
potAsh  very  slowly  and  with  evolution  of  hydrogen  (Bischof,  Kastn.  Arch, 
1,  193);  wore  quickly  when  in  contact  with  platinum  ;  most  quickly  in 
contact  with  iron.  (Runge,  Pogg.  16,  129.)  The  ignited  oxide  dissolves 
with  difficulty;  the  hydrate  easily  and  abundantly. — The  concentrated 
solution,  «vhen  covered  with  a  layer  of  alcohol,  deposits  small  shining 
crystals,  containing  1  At.  zinc-oxide  with  1  At.  pota3h.  They  dissolve 
readily  in  water,  and  the  solution,  when  boiled,  deposits  a  white  powder 
containing  2  At.  zinc-oxide  to  1  At.  potash.  (Laux,  Ann.  Fhai-vi.  9, 183.) 
By  the  addition  of  a  small  Quantity  of  alcohol,  Fremy  (Compt,  rend, 
15,  1106)  obtained  long  needles  containing  2  At.  zinc-oxide  with  1  At. 
potash;  these,  when  treated  with  water,  were  immediately  decomposed, 
yielding  anhydrous  zinc-oxide  and  aqueous  solution  of  potash.  —  The 
solution  of  zinc-oxide  in  aqueous  potash  leaves  on  evaporation  a  white 
shining  mass  which  becomes  moist  by  exposure  to  the  air.  (Berzelius.)— > 
2  parts  of  hydrated  zinc-oxide  dissolve  in  5  parts  of  potash-ley  of  1  '3 
specific  gravity.  When  the  solution  is  evaporated  to  dryness  and  the 
residue  fused,  an  enamel-like  mass  is  formed,  from  which  water  extracts 
the  potash ;  the  solution  mixed  with  eight  times  its  volume  of  alcohol 
deposits  nearly  the  whole  of  the  zinc-oxide.  (Bonnet.) — The  solution  of 
zinc-oxide  in  caustic  potash  is  rendered  turbid  only  by  a  very  large 
quantity  of  water. 

When  a  solution  of  zinc-vitriol  is  mixed  with  a  quantity  of  potash 
sufficient  to  re-dissolve  the  precipitate,  and  then  exposed  to  the  air  for 
some  time,  a  precipitate  is  formed  containing  zinc-oxide,  potash,  and 
carbonic  acid,  but  no  sulphuric  acid.  The  mixture  yields  no  deposit, 
when  boiled  out  of  contact  of  air;  but  when  it  is  boiled  in  an  open  vessel, 
or  if  it  has  been  exposed  to  the  air  before  boiling,  it  yields  a  powder 
which  becomes  very  heavy  when  dry  and  consists  of  pure  hydrated  oxide 
of  zinc.  If  the  potash  contains  silica,  silicate  of  zinc-oxide  and  potash  is 
formed  on  boiling.  The  precipitate  which  Vauquelin  &  Buchner 
(Repert,  14,  381)  obtained  by  boiling  a  solution  of  potash  saturated  with 
nnc-oxide,  and  which,  according  to  their  statement,  consists  of  zinc-oxide 
mixed  with  a  small  quantity  of  potash,  is  likewise  regarded  by  Schindler 
as  silicate  of  zinc-oxide  and  potash.  Water  added  to  the  mixture  throws 
down  a  large  quantity  of  zinc-oxide  containing  potash,  sulphuric  acid, 
and  water;  a  larger  quantity  of  water  precipitates  the  pure  hydrated 
oxide.  (Schindler.) — Zinc-oxide  boiled  with  aqueous  carbonate  of  potash 
extracts  potash  from  that  compound,  and  afterwards  exhibits  an  alkaline 
reaction  on  turmeric  paper;  the  potash  may  be  removed  from  it  by  long 
washing  with  water.  (Wackenroder.) 

C.  Carbonate  op  Zinc-oxidb  and  Potash. — Zinco-potcusic  Car- 
bonate.— A  zinc-salt  precipitated  by  excess  of  carbonate  of  potash  at 
ordinary  temperatures,  3rields  a  stifi^,  gelatinous  precipitate,  which  cakes 
together  in  drying,  and  consists  of  a  mixture  of  ^-carbonate  of  zino-oxide 
(p.  12)  and  double  carbonate  of  zinc-oxide  and  potash.  Gives  off  all  its 
carbonic  acid  when  ignited.  (Schindler,  Mag,  Pharm,  36,  5Q,) 

D.  Sulphate  op  Zinc-oxide  and  Potash. — Zinco-potassic  SvJpkaU, 
-F^^rystallizes  in  the  same  form  as  sulphate  of  magnesia  and  ammonia, 
(-MUwhorlich.)    Fig.  84;  y :  m=102°  20';  vl :  t«=:108^  40'.  (Teschemacher^ 


i:i::r-7^  ^-^.  :t  ::-  5,,  ^  *^Tj*  fKapp.^  The  exyBUla  liare  an 
l::  1  rra:--  2.  Ii  i  • :  -^t  r.''.  .if  S  xzcni*  of  water  at  25-5'*,  but  the 
»?3T.  '..-.- ':~A.z   :._    :ti::-i  :     .i^."     Graham.)    Soluble  in  5  parts  of 


BndidU. 

3L  ^'"i         .      21-32        18-2 

^-  "  ii'i       —       lS-16        21*4 

->  >         .  i*i"}       ...       36-13        36-2 

i"^  ' :-■  J       -.      21-39        24-5 

i-    >---J--.    >>-i.ii.      ivil  4         .     100'M        100-3 

E.  1:7  — z    .7   r:>.'   A>r    ?:rA5i?mi. — ZUco-potassic  Iodide. — A 

scl*r:vi  .f  :•:.;.;":!   ;:  z:z-:  izi  :.>i:«ie   :r  pcCLsnom  evaporated  over  oil 
cc  T::r:l  xrl-fri  nf.-^iir  .r^^z^izr :fcir.  TieldsTerydeliqaesoentcrystalfl. 


AJ3l3^eu$alR. 

Or: 

?:?-J 

KI 

...     165-2     .. 

..    34-4 

:i  ■« 

2ZaI 

..    316-4     .. 

..    65-6 

K       :•  i     -     ?  :*     — 

31  .v:  :>■? 

"ki.iZil       iTTl        :.•■■:•;  481-6   ....  loo-o 

F.  CmosTrr  :r  Z:>c  a>:»  FoTASSirx. — Ziuahpotauic  Chloride, — 
The  prvram:.  r.  otvjia/.^^*  ::rT=-  izi  vih^r  propenies  of  this  compooDd 
an*  rrxx'i>c'y  * '.n  .at  :.  :h.\re  .:  :h^  c 2 1. ride  of  zinc  and  ammoninm;  but 
it  ddi4-uescv;>  r.-.  rf  r»r:i>    v^^-h:=i!tfr.^ 

I1.  Firi^Kir'r  OF  Z:>c  am*  Fotassttm. — Zinco-potamc  Fluoride.^ 
KF./TiiF— G  :.  .r\><.  v-Ty^:a-:r.e  ^-rarzk^  st-luble  in  water.  (Bemslius.) 

t>i\  \\\^  rroivr:vt  .••"  .-^ -~i'*  .•^ca■:^^^i  br  nrvmniratiii;  nitrate  of  zinc  with 
Wx\\xW  of  |'ot*i"».aiv.  A:\d  .-.-rtiir-j:  n'^v  mc.  rtt  Anih^m,  Repert.  51,  115. 


^I>\-    AXP   SODIUM. 

A.  Au.o\  or  XiNi"  AM^  St^rirM. — FourTolumos  of  line-filings  unite 
\k\\\\  I  \oluiuool"  M'%ii;:!n  a;  a  d\A\  rv>d  boat,  and  form  a  bluit^b-griT, 
luilllo  iillt»\  \y\\w\\  h.is  :j  :;r.oly  '.air.in,nr  xoxturo,  oxidates  slowly  in  the 
iiir,  mid  ollorxtMVH  sliclitly  >^i:h  wAttr.  but  *tron*rly  with  ac[ucous  acids. 
(<iiiy  l.ii**-:ir  :nid   Tin  n.ini  ^ 

II  /iM-  <i\n>i  \\  ini  StMM. — Hydr..tod  z!no-oxide dissolves  readily  in 
iit|iiriiiiri  '11111111011  of  so«l:i:  r.iotailio  .--;;o  « :ily  whon  heat  is  applied;  it  then 
ilifMiUr:'  \\\\\\  r\i»lnii,n  ot"  liVtir.^^rrn.  l^U'SSf'nne.)  The  solution,  when 
I  h|Mii<i<il  III  iliii  ;iir.  Jopovitv  s^m:)!!  shir.inc  crystals  of  hydrated  obiisic 
vim  I  iiiliKiiiito  ^Witlilrr^  /ini'M>\idc  boiJoti  with  solution  of  carbonate 
III  >imIii  i-\Iiiii|m  honi  ii  only  :i  tnuv  of  s«>da:  if  sulphate  of  soda  is  mixed 
\\\tU  ilii  ••liihnii.  tlio  71110  oNido  oxtnicts  fnmi  it  Uith  soda  and  sulphuric 
til  i>l    t^liiili  It  loiiim  \\\\\\  i-iv:U  obMinuoy.  (Wackenroder.) 

*      <   uiiiii.Niii  (ii    /'iN«  n\n>r  ANn  Son  a. — Zino-mdic  Carhonate,^^ 

/•m    il  '  \\\\\    III  MipioouN  »Mrb«>nato  t  f  sotla,  with  evolution  of 

h\i|l'  iluliiiti,  si*t  iisiilo  for  ;)  frw  x\\\\ft,  dcfxtsits  small,  coloiir- 

kil  II,  hard,  n^^ulnr  totr:iho<lnui*8  and  octahedrons,  having 

JM  annlos  iruncntiHi.     Tiiey  become  opaque  when 
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heated,  and  tarn  yellow  on  ignition;  and  if  afterwards  treated  with  water, 
thej  3rield  a  solution  of  carbonate  of  soda  and  a  residue  of  pure  oxide  of 
rinc.  (Wohler,  Po^^F.  28,  616.)  Oxide  of  zinc  does  not  dis/^oive  in  car- 
bonate of  soda  fused  before  the  blowpipe. 

B.  Zinc>oxide  dissolves  in  Borax  and  in  Microcosmic  salt,  yielding  a 
clear  glass  which  becomes  milk-white  on  gentle  flaming,  and  if  the  zinc- 
oxide  is  in  excess,  becomes  enamel-white  on  cooling. 

E.  Sulphate  op  Zinc-oxide  and  Soda. — ^inco-sodic  Sulphate.-^ 
Separates  from  a  solution  of  zinc- vitriol  and  bisulphate  of  soda,  when 
evaporated  in  vacuo  over  oil  of  vitriol.  (Graham.)  According  to 
Graham,  monosulphate  of  soda  and  zinc-vitriol,  mixed  in  any  propor- 
tions whatever,  do  not  yield  this  double  salt,  but  each  salt  crystallizes 
out  by  itself.  Karsten,  on  the  other  hand  {Schrift  d.  Berl.  Akad,  1841), 
obtained  crystals  of  the  double  salt,  both  by  mixing  Glauber's  salt  with  a 
saturated  solution  of  zinc- vitriol,  and  setting  the  mixture  aside  for  a  few 
days,  and  likewise  by  dissolving  zinc-vitriol  at  ordinary  temperatures  in 
a  saturated  solution  of  Glauber's  salt,  and  leaving  the  mixture  to 
evaporate  either  spontaneously  or  with  the  aid  of  heat;  it  was  only 
when  the  mixture  was  strongly  heated  and  then  suddenly  cooled,  that 
the  two  salts  crystallized  out  separately.  Karsten  likewise  obtained  the 
double  salt  with  common  salt  and  zinc -vitriol. 

The  dehydrated  salt  melts  without  decomposition  at  an  incipient  red- 
heat,  and  on  cooling,  solidifies  in  a  white,  opaque  mass.  The  salt  crys- 
tallizes in  tables  contains  4  atoms  of  water;  it  deliquesces  only  in  moist 
air,  and  when  dissolved  in  water,  separates  into  the  two  simple  salts. 
(Graham,  Fhil.  Mag.  J.  18,  417.) 

F.  Iodide  op  Zinc  and  Sodium. — Zinco-sodic  Iodide, — Preparation 
and  properties,  similar  to  those  of  the  potassium -salt.  (Rammelsberg.) 

CryttalUzed,  Rammelsberg. 

Na  23-2      ....        6-94  6-95 

Zn  32-2       ....         9-62  9*41 

21    252-0      ....       75-36  74*85 

3HO    27-0      ....        8-08 

NaI,ZnI  +  3Aq 334*4       ....     lOO'OO 

G.  Chloride  op  Zinc  and  Sodium. — Zinco-sodic  Chloride. — An 
aqueous  solution  of  common  salt  and  zinc-chloride  quickly  evaporated 
yields  six-sided  laminsB,  having  a  sharp  taste,  and  easily  soluble.  If  the 
solution  be  slowly  evaporated,  the  chloride  of  sodium  crystallizes  out 
alone.  (Schindler,  Mag.  Pharm.  dQ,  48.) 

Zinc  and  Barium. 

Iodide  op  Zinc  and  Barium. — Zinco-haiyUc  Iodide. — Preparation 
and  properties  similar  to  those  of  the  potassium-salt. 

Cryiialliztd.  Rammelsberg. 

B»  68-6      ....       13-42  11-71 

2Zii    64-4      ....       12-60  12-80 

31  3780      ....      73-98 

BtI,2ZiiI  ...M.H.M.      511*0      ....     10000 
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Baryta,  etrontla,  and  lime  dissolved  in  water,  and  mixed  with 
n|»ound  of  zinc-oxide  and  animoni;j»  deprive  that  caiiip<»und  of  part  of] 
iti  xincoxide,  and  are  jnecipitated  in  combination  with  that  c^sijkr 
(Berzeliue*) 

ZllfC   AND    MAONESmM. 

Sulphate  op  Zinc-oxide  and  MA.Q^KsujL.—Ztneo-ma^nesk  Su!p] 
—Sulphate  of  niap^nesia  diesolves  in  a  cold  eaturated  solution  of  lino- 
Titriol  forming  a  clc^ar  liquid  at  first;  but  after  awhiLe^  the  double  salt  if 
deposited.  (Karsteii.) 


Zdtc  and  Aluminum. 


4 


A.  Aluminatb  OP  Zmc-oxiDE. — a.  Gahnite, — ^Regular  octohedronsi^ 

fip,  gr.  4*23.     Harder  than  quarts;   translucent^    green;  yields    a   pal 
b]^ii^b-g^et^Il  powder.     Does  not  fuse  before  the  blowpipe;  takea  togelHe 
Tvitli   t'urbonate    of   soda   without   dissolving  in  it,    and  forme  a  darV 
coloured  ^lag,  wliicb,  when  finely  pulvenxed,  forms  a  deposit  of  linc-oxid 
up<tn  the  cliarcoal;  (ligiolves  sparingly  and  with  great  difficulty  in  boral 
or  in  mierocosmic  salt;  dissolves   in  a  mixture  of  borax  and  carboDiittl 
of  soda,  forming  a  clear  glass  coloured  by  iron,  (Beneliue.)     Inaolubltj 
in  atjueoua  acids  and  alkalis. 


Ahich. 


ZnO 

PeO 

A1*0> 

8iO*. 


Gnkmte, 


»tM*lt«««.ll«tMUI 


402 
61-4 


439 
5Ga 


Fflliltiti, 
6-25 

30-02 
5*145 

55  U 
3-84 


ZnO,Al*0»  91C 


100*0 


100*10 


Part  of  the  ZnO  is  replaced  by  MgO  and  FeO. 

6.   Hydra t-e   of  alumina  abstracts  the   zinc-oxide   from    the  aqne 
solution  of  tho  compound  of  zino  oxide  and  ammonia;  aluminate  of  linfi 
oxide  is  tikevvifto  precipitated  on  mixinir  the  compound  of  zinc>oxide  an 
ammonia  with  a  faturatcd  8oluti(m  of  bydrato  of   alumina  in   pocislui 
Tlii**  compound  is  J^oluble  in  potueh.  (Berzelius.)     The  compound  of  «ine- 
oxido  and  {HiUi^h  likewiise  foriiiSj  vvitb  ti laminate  of  potash,  a  preci]Mtato 
•olublo  iu  exC€M  of  potanh.  (Sander,  Ann,  Pliatm.  9,  181.) 

B,  BrLPti  %TK  or  A  u  mtn a  akd  Zino-oxm^, — Zinc'alum=ZnOfi 
Al'0^3S(F-t^24Aq.  (Kane.) 

C.  Flcoride  op  ALUMmiTM   and   Ztnc. — ZnF^APF*. — Formed 
Ctmpft  rati  tig  thi»  aqueous  etduticm  of  hydrurtuate  of  jiinc- oxide  and  hvdr 
fluriie   of    ulumina.      Lon>,%  ecdouHess    n<tedles,    slowly  bat    compfrl^-l 
Mdulde  iu  water.    AnimoDiaadded  to  the  solution  tlirowjdowu  diititituilx 
of  tiQC-oxitla.  (Berzeliiitf.) 

ZlWC  ATin  SlLTCltTM. 

A.  SiucATR  OP   Zmr-oxfDK. — Zifif^f^hnc^ 
ooouTi  in  irmnapftretit  and  oolourlcM  eryftt^ls   I'       „    _ 
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primiatic  mtem.  Bight  rhombic  prisms,  having  the  obtase  (rarely  also 
the  acute)  lateral  edges  replaced  by  planes,  with  two  bevelling  surfaces 
resting  sometimes  on  the  two  acute,  sometimes  on  the  two  obtuse  lateral 
edges.  Cleavage  parallel  to  u  and  p,  Sp.  gr.  3 '38.  Harder  than  felspar. 
— Decrepitates  slightly  when  heated,  losing  water  and  becoming  opaque; 
does  not  fuse  before  the  blowpipe,  but  swells  up  when  strongly  ignited; 
iatumesces  slightly  with  carbonate  of  soda  but  does  not  dissolve  in  it,  and 
gives,  though  not  readily,  a  deposit  of  zinc-oxide.  In  borax  or  micro- 
conn  io  salt,  it  fuses  to  a  transparent  glass,  which,  however,  becomes 
turbid  on  cooling.  With  nitrate  of  cobalt  it  assumes  a  green  colour 
when  gently  heated,  light-blue  on  the  edges  when  more  strongly  ignited. 
(Berzelius.)  Dissolves  readily  in  acids,  with  separation  of  a  siliceous 
jelly;  dissolves  for  the  most  part  in  caustic  potash. 

Berzeliufl.        !6erthier.        Smithson* 
limbnrg.  Breiigau.  Retsbanyft. 

2ZnO 80'4    ....     6678     ....       6637  ....       64-5  ....       68S 

SiO*  31-0     ....     25-75     ....       26-2.3  ....       255  ....       250 

HO 9-0     ....       7-47     ....         7-40  ....       100  ....        4*4 

2ZnO,SiO>-f  Aq.    120*4     ....  10000     ....     10000      ....     1000      Z       97T 

The  same  compound  occurs  in  the  anhydrous  state  but  impure,  as 
WiUuwuUs  or  HebetiM. 

B.  Htdrated  Fluoride  of  Silioium  and  Zinc,  or  HvDROFLtTATa 
OF  Silica  and  Zino-gxide. — A  solution  of  zinc-oxide  in  hydrofluosilioic 
acid  yields,  when  evaporated  at  a  high  temperature,  three  and  six-sided, 
transparent^  colourless  prisms,  permanent  in  the  air,  and  very  easily 
soluble  in  water;  ZnF,SiF'-f  7Aq.  (Berzelius.) 

C.  Silicate  op  Zinc-oxide  and  Potasu. — Separates  in  white  flakes 
when  zinc  in  contact  with  iron  is  dissolved  in  potash-ley  containing  silica. 
The  flakes  contain  water;  they  dissolve  in  excess  of  caustic  potash,  and 
likewise^  with  separation  of  a  jelly,  in  acids.  (Schindler.) 

Zing  and  Titngsten. 

A.  TuNGSTATE  GP  ZiNC-oxiDE. — White  powdcr,  insoluble  in  water. 

B.  SuLPHGTUNOSTATE  OP  ZiNC. — ZuS,  WS^  The  mixture  of  an 
aqueous  zinc-salt  with  sulphotungstate  of  potassium  gives  after  24  hours^ 
a  pale  yellow,  pulverulent  precipitate.  (Berzelius.) 

Zinc  and  MoLYBDENtM. 

A.  MGLTBDAtfl  OP  ZiNC-oXfDE.— Formed  by  precipitating  a  zinc- 
aalt  with  molybdate  of  ammonia.  Yellowish-white  powder,  sparingly 
soluble  in  water,  more  easily  soluble  in  acids,  and  containing,  according 
to  Brandes,  86  25  zinc-oxide  and  63*75  molybdic  acid. 

B.  SuLPBGMOLTBDATB  GF  ZiNC.^^Dark  brown  precipitate,  insoluble 
in  water.  (Berzelius.) 

C.  Pebsulphgmgltbdate  of  Zinc. — Red  precipitate.  (Berieliud.) 
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prismatic  ^stcm.     Bight  rhombic  priitns,  having  the  obtuse  (rarely  also 

the  acute)  lateral  edges  replaced  by  planer,  with  two  be  veil  log  siirface« 

resting  eometinies  on  the  two  acute,  sometimes  on  the  two  ohtuae  laterftl 

edges.    Cleavage  parallel  to  u  nnJ  p.    Sp.  gr.  3n38.     Harder  than  felspar. 

— Decrepitates  slightly  when  heated,  losing  water  and  becoming  opatjue; 

H  does  not  futte  before  the  bluwpipe,    but  swells  up  when  strongly  ignited; 

H  itituinesces  ulightly  with  carbonate  of  iioda  but  does  not  dissolve  in  it^  and 

H  giveSj  though  not  readily,  a  deposit  of  jiinc-oxide^      In   borax   or  micro- 

^  Coamio  ealt,   it   fuses  to   a  tmni^parent  glaaa»   which,  however,   becomes 

turbid  on  cooling.     With   nitrate   of  cobalt  it   assumes  a  green   colour 

when  gently  heated,  light-blue  on  the  edges  when  more  strongly  ignited, 

(Berzelitts.)     Dissolves  readily  In  acids,  with  separation   of  a  siliceoua 

jellyj  dissolves  for  the  most  part  in  caustic  potash^ 

■  Berzelius,         Berthicr.        Snaithaon. 

Limlmfj.  Brellg^Q.  Rdtttoji^a. 

2ZnO 80*4     ....     66'78      .„,       fj6-37  ,,.,       U'h  ....       68"3 

SiO*  ,,..     310      ...     2573      ..,,       26*23  ...       255  ....       260 

HO 90     ...       7*4;      ...,         ?'40  ....       10*0  ...         4-4 

■      2ZaO,Si03-f-Aq.    120'4     ...  100  00      ....     lOO'OO       ...     1000       .„.       977 

The  sanie  compound  occurs  in  the  anhydrous  atate  but  impure^  as 
H  WiiiiamgUe  or  JJebetine* 

™  B.    HyDHATED    FLttORIDE  OF  SlLlCriTM    A***D    ZjNC,    Of    HrDROFLlTATB 

OF  Silica  and  Zinc-oxide, — A  solution  of  zinc-oxido  in  hydroduosilicic 
acid  yields,  when  evaporated  at  a  high  temperature,  three  and  six-sided, 
transparent,  eoJourless  pri.sms,  permanent  in  the  air,  and  very  easily 
aoliible  in  water;  ZnF,SiF'H-7A(j.  (Berzclius.) 

C.  Silicate  OF  Zinc-oxide  and  Potash. — Separates  in  white  flakes 
when  zinc  in  contact  with  iron  is  dissolved  in  potash-ley  containing  silica. 
The  flakes  contain  water;  they  dissolve  in  excess  of  caustic  potash,  and 
lLkewi«e|  with  aeparatioo  of  a  Jelly^  in  acids.  (Sehiudler.) 

1^  Zinc  and  TtTNosTEN. 

A,  TuNGSTATE  OP  ZiNC-oxiDE*— White  powder,  Insoluble  In  water. 
B.    SrLPiioTrNGgTATE   OP    Zinc.  —  ZnS,  WS*.    The   mixture   of  au 
Aqueous  zinc- salt  with  sulphotungstate  of  potassium  gives  after  24  hourSj 
m  pide  yeliow^  pulverulent  precipitate.  (Berzelius.) 


ZiNO  AND   MoLYBDENt^Mi 


A.   MotTBDATB  0^  ZiNC  t 

with  n»-l  ^!         '• 

lie  in  w:i 

madmff  Jiii  2.>  ^lu a  oxide 


preclpttatmg  a  E\nc- 
^  powder,  spaT*vn*;\y 
cootainui^^  aceoTdmg 


\iiBo\ublQ 


4t 


ZINC* 


Baryta^  etrontia,  and  lime  dii^olved  in  water,  anil  mixed  with  tht 
compounil  of  zino-oxide  and  aniinoniii,  ilpprive  that  compnund  of  part  of 
liB  jcinc-oxidej  and  are  pieclpila.ted  in  ccimbination  with  tliai  oxidi?, 
(BerzeJiufi*) 

2lKC   AND   MA0NB6nrM« 

Sulphate  op  Zinc-oxtbe  and  MAQSEHiJi,^Zitic(Mtiaffneti€  Sulpha 
— Sulphate  of  ma^jt^esiii  dissolves  in    a  cold  sataratt-^d  solution  of  tic 
vkvinl  furniing  a  clear  li^[uid  at  first;  bat  after  awLile,  the  daublo  salt  i 
depo^iited.  (Karsteo.) 

ZlXC  AND    ALLMr^tJM. 

A.  Alumixatb  of  Zikc-oxihe. — a,  GahniU, — ^Regular  <x?toLedroDs;^ 
ap.  gr.  4*23.  Harder  than  cjuarti ;  traniducent,  green;  vielda  a  pa* 
DJaiah-green  powder.  Does  not  fuse  hcfure  the  blowpijHs;  takea  togeth^ 
with  earbonnte  of  eoda  without  dissolvhig  in  it,  and  forme  a  dark- 
coloured  Hlag,  which,  wlien  finely  pulverized,  forms  a  dep»sit  of  zinc-oxidti 
xxfuii  the  fdmrcoal;  diswolvc^  sparingly  and  iviih  great  difficulty  in  borax 
or  in  niierocosmic  hQXx\  dieisolvee  in  a  mixture  of  borax  and  carl^K>0dt4} 
of  soda,  forming  a  clear  glass  coloured  by  iron.  (Berzelius.)  Inaoluhlo 
in  !i^ueou9  acids  and  alkaliii. 

Abicii. 


MfO.. M.. 

PffO   ,. 

Al«0» 

8iO» 


Oahntie. 


402 
fil-4 


43-9 
56-1 


FiHIuA. 

kmaif 

5-24 

2-22 

30-02 

aiuo 

5-85 

4-55 

65  14 

570a 

3'81 

122 

ZnO»Ai*0*  n-Q      .».     lOOO        ,  ...       lOOlO        901 

Part  of  the  ZnO  is  replaced  by  MgO  and  FcO. 

6.  Hydrate   of  alumina  abstracts  the  zinc-oxide   from   the  aoneou 
solution  iif  the  compound  of  zinc  oxide  and  ammonia;  uluminate  of  xinc- 
oxi«ie  ia  likew  ise  prcriititatt'd  on  mixing  the  compound  of  linc-oxide  and 
ammonia  with  a  saturated   ^oltitifiu  of  bydrnte  of  alumina  in   potia^b* 
ThiiJ  compound  is  soluble  in  potash.   (Herzeliuy.)     The  compound  of  line 
oxide  and  putai^h  likewise  furma,  with  aluminate  of  ^lotasb,  a  preciptt 
•uluble  in  exeeaa  of  pota«h.  (^»uJt*r^  Ann,  Phann,  >^^  181.) 

B,  Stai'iiATE  oi'  Alttmina  akd  Zii4CH)XI0b. — ^i>ie-tt/«m=rZnO,SO*-|-" 
AmV3SO^+24Aci.  (Kane.) 

C*  Flioridb  op  ALCMrNiiM   AND  ZiKc— ZnF,AI*F*, — Formed   by 

evaporating  the  at|ueuus  solution  of  hydrotlaalc  of  zinc-oxido  and  hvdro- 
fluate  of  alumina.  Long,  coloiirlres  needles,  ilowly  but  conipWdy 
9o}uhi(Y  ill  water  Ammonia  added  to  tlio  eolation  ihrowtdown  uluminato 
of  «inc-oxide.  (BerzoJius,) 


ZlifCi  AJffl>  SfttmrM. 

A.  RiLtCATi  OP   ZfPCr^tiXfDK. — Zinrghnc^    or  SiHetoxu  CaJammf 
ooonra  in  traiiapajeot  &nd   colourleM  crjrtt4l4   belonging   lo   tbo   r^bl 
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prUmatio  mtem.  Bight  rhombic  priims,  haying  the  obtase  (rarely  also 
the  acute)  lateral  edges  replaced  by  planes,  with  two  bevelling  surfaces 
resting  sometimes  on  the  two  acute,  sometimes  on  the  two  obtuse  lateral 
edges.  Cleavage  parallel  to  u  and  p.  Sp.  gr.  3*38.  Harder  than  felspar. 
— Decrepitates  slightly  when  heated,  losing  water  and  becoming  opaque; 
does  not  fuse  before  tno  blowpipe,  but  swells  up  when  strongly  ignited; 
intumesces  slightly  with  carbonate  of  soda  but  does  not  dissolve  in  it,  and 
gives,  though  not  readily,  a  deposit  of  zinc-oxide.  In  borax  or  micro- 
oonnio  salt,  it  fuses  to  a  transparent  glass,  which,  however,  becomes 
turbid  on  cooling.  With  nitrate  of  cobalt  it  assumes  a  green  colour 
when  gently  heated,  light-blue  on  the  edges  when  more  strongly  ignited. 
(Berzelius.)  Dissolves  readily  in  acids,  with  separation  of  a  siliceous 
jelly;  dissolyes  for  the  most  part  in  caustic  potash. 

Berzelius.        Berthier.        Smithson. 
limburg.  Brcisgan.  RetzbuiTft. 

2ZnO BO'4    ....    6678     ....      66-37  ....      64-5  ....      68-S 

SiO*  31-0     ....     25-75     ....       26-23  ....       255  ....       25-0 

HO    9-0     ....       7-47     ....         7-40  ....       10*0  ....        44 

2ZnO,SiO*-f Aq.    120*4     ....  lOO'OO     ....     10000      ....     1000      Z.      97-7 

The  same  compound  occurs  in  the  anhydrous  state  but  impure,  as 
WiUianuiU  or  HebetiM. 

B.  Htdrated  Fluoride  op  Silioium  and  Zinc,  or  HrDROFLtTATB 
OF  Silica  and  Zino-oxide.— -A  solution  of  zinc-oxide  in  hydrofluosilioic 
acid  yields,  when  evaporated  at  a  high  temperature,  three  and  six-sided, 
transparent^  colourless  prisms,  permanent  in  the  air,  and  very  easily 
soluble  in  water;  ZnF,SiF*-f  7Aq.  (Berzelius.) 

C.  Silicate  op  Zinc-oxide  and  Potasu. — Separates  in  white  flakes 
when  zinc  in  contact  with  iron  is  dissolved  in  potash -ley  containing  silica. 
The  flakes  contain  water;  they  dissolve  in  excess  of  caustic  potash,  and 
likewise^  with  separation  of  a  jelly,  in  acids.  (Schindler.) 

Zinc  and  Tungsten. 

A.  TuNGSTATE  OP  ZiNC-oxiDE. — ^Whito  powder,  insoluble  in  water. 

B.  SuLPHOTUNOSTATE  OP  ZiNC. — ZuS,  WS'.  The  mixture  of  an 
aqueous  zinc-salt  with  sulphotungstate  of  potassium  gives  after  24  hours, 
a  pale  yellow^  pulverulent  precipitate.  (Berzelius.) 

ZiNO  AND  Molybdenum. 

A.  MotTBDATfl  OP  ZiNC-oxiDE.— Formed  by  precipitating  a  zinc- 
aalt  with  molybdate  of  ammonia.  Yellowish-white  powder,  sparingly 
soluble  in  water,  more  easily  soluble  in  acids,  and  containing,  according 
to  Brandes,  36  25  zinc-oxide  and  63*75  molybdic  acid. 

B.  SuLPBOMoLTBDATB  OP  ZiNC— Dark  brown  precipitate,  insoluble 
in  water,  (fierzelius.) 

C.  Pebsdlphomoltbdate  of  Zinc.'— Red  precipitate.  (Berzelius.) 
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ZIKC. 


D  ftiid  £.  MoLTBDJLTB  ar  2ixc-oxmE  Axn  AuMoxf a,  and  Moltb* 
DATR  OP  Zixc-oxiDE  AKl»  PoTASH, — Both  tbese  doable  salts  are  salobte 
in  water,  (Berielias.) 

Zl-NC  AND  Va^adifm, 

Vaxadiatk  of  Zinc-oxtde. — a,  IfonovanadtaU. — By  dooWe  decon 
position.     White  precipitate,  insoluble  in  water,  even  at  a  boiling  hea 
h,  Bivanadi^U, — Transparent,  orant;e*yellow  crystals,  soluble  in  waterj 
(Bemelins.) 

Zinc  ani>  Cbbomium. 

CumoMATE  OP  Zixc-oxFDE. — d,  D\chiy>maie. — The  yellow  precipitaio 
which  monochromate  of  pot:ish  prodatvs  in  a  ^lution  of  zinc*vitrioh 
(TLomson,  PML  Mag,  Ann,  3,  81)  When  the  chromate  of  potash  ii 
dropt  into  a  boiling  solution  of  linc- vitriol,  the  precipitate  formed  has  a 
peculiarly  fine  yellow  colour.  (BenscL)  The  supernatant  liquid  remaina 
yellow  even  when  the  linc^salt  Is  in  excess,  [It  probably  contains  bi- 
chromate of  potash.]  Zinc-saltd  are  not  precipitated  by  bichromate  of 
pota.sh,  (Wohler.) 

b.  Monockrotaate^ — A  solution  of  xinc-c^bonate  in  aqueous  chromic 
acid  yields  transparent,  topai-ycUow  crystals,  having  the  form  of  line 
vitriol  and  a  specific  gravity  of  2  096  at  15^,  The  crystals  are  easily 
flolnble  in  water,  and  when  heated,  dissolve  in  their  water  of  eryntalUsft' 
tion;  the  dehvdrated  salt  is  strongly  heated  by  contact  with  water* 
(Kopp,  Ann,  Fharm,  42,  98.) 

Kopp, 

ZnO.CrOa    ^        92*2      .«.      5941         57'8 

?HO  ,_..„._..         63*0       ....       40-59 42-2 


ZnO,  CfO*  4  7Aq.„.      155*2 


100*00 


IWO 


%  By  vnbseqnent  examination^  Kopp  has  discovered  that  the  crysi 
which  he  originally  took  for  pure  chromate  of  zi nc-oxidc,  really  consisted 
of  ordinary  zinc^sulphfite  containing  small  quantities  of  zinc-chix>male 
intimately  bound  up  with  them  :  the  crystals  when  dissolved  in  water 
gave  tlie  reactions  of  chromic  acid,  but  contained  only  3*5  per  cent,  of 
tbal  iictd|  instead  of  33'G  as  required  by  the  formula,  ZnO,  CrO'  +  7Aq. 
Tli«  formation  of  the  zinc-sulphrite  U  duo  to  the  presence  of  sulphune 
acid  in   the  chromic  acid  \iBed  in  the  preparation.   {Ann.  Pharm.  57, 

B.  CnnowATE  OF  Zincoxidk  and  PoTAsir, — Zino^p'  nmaU* 

If  the  yellow  tSocculent  precipitate  obtained  by  mixing  /  ..I  with 

mcinochromate  of  potash  i>e  left  immer^Oil  in  the  liquid  for  24  hount,  it 
ehangen  to  an  orange-yellow  powder,  which  is  a  compound  of  chromate  of 
potash  with  chromate  of  zinc-oxide.  It  loses  by  IgDition  15  per  cent,  of 
Qtygfn  and  water,  and  leaves  a  dark  brown  powder  from  which  water 
extrsictJi  a  iiuautity  of  monochromate  of  potash  amounting  to  21  per  ceol, 
of  the;  double  «dt,  and  leaves  violet-brown  Chromite  of  Zinc-oxidf^  whieli 
dtssolvt*tt  in  oil  of  vitriol,  fonniiig  a  dark-green  solution.  The  double 
ialt  11  ittightly  solublt*  in  cold  water  and  imparts  a  yellow  colour  to  lat^ 
quautitiod  of  it;  in  boiling  water  it  forma  a  deep  yellow  solution,  with 
e^natation  of  a  lighter*coloure<l  salt,  probably  ba%ic«  (WdbJeTi  Jkndimi 
\  4.  4«7.) 


SUlPnAKSENITE  OP  ZINC. 


4d 


Zinc  and  TJranium. 


Uranate  of  ZiNC-oxiBE. — ^1,  By  precipitatiug  ztnco-uratiic  acetate 
with  baryta- water* — ^2.  When  uraiiic  nitnite  is  ji  reel  pit  a  led  by  zinc,  the 
zinc  bceotnea  covered  witli  a  solid  3^ellow  lilin  of  uraimte  of  ziac-oxide, 
which  prevents  further  combiiiati<ja.  (Werthcira,  J.  pr.  Chem,  2d,  227.) 


Zinc  and  Manganese* 
p£BMAKGAKATE  OP  ZiNC-oxiDE. — Delif|aescent.  (Mitsckerlich,) 


I 


Zinc  and  Arsenic. 

A,  Arsenide  op  Zinc, — a,  Wlien  75*2  parts  (1  At)  of  arsenic- 
powder  is  brought  in  contact  with  128"8  parts  {4  At.)  of  zinc  fused  but 
not  red-hot,  combinalioa  takes  place,  the  whole  mass  glowing  \ividly 
with  a  dark  red  light,  and  some  of  the  arj^enic  volatilizing.  (A.  VogcL) 
h.  With  64  2  parts  (2  At.)  zinc  and  75*2  parts  (I  At.)  arsenic  similarly 
treated,  the  iguitiim  is  lees  vivid,  because  the  resulting  compound  is  lesa 
fusible  and  Holidifie.s  more  quickly.  This  compound,  when  treated  with 
hydrochloric  acid,  ^ivcs  ofl'  pure  arseniuretted  hydrogen,  without  any 
admixture  of  free  hydrogen.  (A,  Vogel,  J,  pj\  Chem,  6,  345.)  100  parts 
of  duc-turningB  heated  with  100  parts  of  arsenic-powder  combine  without 
ignitioD  and  yield  172  parts  of  a  very  brittle  alloy,  ((lehlen  )  Eijual 
part«  of  granulated  zinc  aud  pulverized  arsenic  heated  in  nn  earthen 
retort  at  a  gradually  increasing  teniperat'jn?,  yield  a  weU-fused,  grey, 
brittle  alloy,  having  a  fine -grained  fracture;  this  aUoy,  when  dissolved  in 
dilute  sulphuric  acid,  evolves  pure  arseniuretted  hydrogeu  gas,  and  leaves 
a  grey  metallic  powder  which  conlaina  excess  of  arsenic,  gives  off  that 
exeess  when  heated,  and  is  thereby  rendered  soluble  in  acids,  (Souhelran.) 
Arsenide  of  zinc  is  likewise  ohtaluod  by  heating  zinc  with  ar«enious  acid, 
(Bergn^n.)  W^ifch  2  parts  of  ziiic-cuttinga  amt  1  part  of  araenious  acid, 
the  reaction  takes  place  with  combustion  and  explosion.  (Gehlen.) 

B*  Arseniate  op  Zinc-oxide  or  ZiNc-AHtiENiATE.— T^r^Vc/r^f^HW**, 
Wben  di-arseniate  of  animooia,  potiush^  or  soda  is  mixed  with  a  zinc  salt, 
the  liquid  turns  sour,  and  trisarseniate  of  zinc -oxide  is  precipitated. 
(Mitscherlich.)  The  precipitate  formed  by  arsenic  acid  in  a  fit>lntion  of 
*inc-aceUte  is  cither  the  same  t^alt^  or  a  di-arseniate.  White  powder^ 
insoluble  in  water,  but  soluble  in  arsenic  and  nitric  acid.     Hydrogen  gas 

assed  over  the  ignited  salt,  decomposes  it,  according  to  Soubeiran,  into 
water,  arsenic,  and  zinc-oxide,  the  latter  remaining  behind. 

h.  Acid  Salt.  Formed  by  dii?.5olving  zinc^  the  oxide,  or  the  salt  a  m 
jrsenic  acid.  W^hen  metallic  zinc  is  used,  arseniuretted  hydrogen  is  given 
©fl^  and  solid  arsenide  of  hydrogen  separates  in  the  form  of  a  brown  puwder. 
The  acid  solution  yield:?  cubes  on  evaporation.  (Bcrzelius.)     When  corn- 

etely  saturated  with  zinc,  it  solidifies  to  a  transparent  jelly.  (Fischer, 

'o^g,  %  28L) 

C,  Hyfosulpdarsenite  of  Zinc. — Yellowish  red.  (Berzeliua.) 

D»  SuLPDARSENiTE  OF  ZiNC. — Hydrosulphatc  of  soda  Saturated  with 
lArsenioQS  sulphide,  forms,  with  neutral  zinc-salts^  a  bulky,  lemon -ye  How 
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{)rooi|)itato  wLIcli  becomes  orange-yellow  on  drying.  This,  when  gently 
loutod,  ^ivcH  off  part  of  the  arsenious  sulphide,  and  leaves  a  hard,  yellow, 
a^i(l^>"i^^"^^<^<l  compound  of  zinc-sulphide  with  a  small  (niantity  of  arsenious 
siil|>lii(iu;  tho  lattor  is  completely  driven  off  at  the  melting  point  <^  glass. 
(HorKoliuH,  Pogy,  7,  145.) 

E.  SuLPiiAUSENiATE  OP  ZiNC. — a.  Terhosic  saU. — dZnS.AsS*. — By 
proripitatiii^c  a  zinc-salt  with  trisulpliarseniate  of  sodium.  Pale  yellow 
ilakrH,  which,  when  dry,  yield  an  orange-yellow  powder. — 6.  JSUxuie, 
SiZnS,  AhS\  By  procipitating  with  disulpharseniate  of  sodium.  Forms 
Homrwhat  hri^htor  yollow  flakes,  but  exhibits  the  same  colour  as  a  when 
dry.  (HorzoliuM.) — c.  .yfonobasic. — When  zinc-oxide  and  arsenic  acid  are 
diHHi>lvod  t<»p»ther.  oven  in  a  very  large  excess  of  hydrochloric  or  sulphuric 
aoi»l,  hulphurettod  hydroiren  prei*ipitates  the  whole  of  the  zinc  [provided 
tlio  «|unntity  of  arsenie  acid  is  suflicientl  in  the  form  of  yellow  ZnS,  AsS*. 
Hut  if  the  arsenie  aeitl  bo  previously  reduced  to  the  state  of  arsenious  acid 
by  tlio  aetion  of  Mulphunnis  acid,  sulphuretted  hydrogen  precipitates  only 
tornulpliitlo  of  arsenie.  aud  leaves  all  the  zinc  in  solution.  (Wohler, 
./«iA»yA  iM.  \\  i;>o.) 

F.  .Vhskniatk  ok  ZiNV-oxmE  with  Ammonia. — Formed  by  mixing 
bydrm'hlonite  of  r.lne-oxide  with  a  quantity  of  rabammoniac  sufficient  to 
pre\ont  prtvipit:ition  bv  ammonia,  and  then  digesting  the  solution  with  i 
mivtuio  of  ammonia  and  ar^eniato  of  pota^jh.  The  precipitate,  which  is 
lb«eeulenl  at  th>t  and  nfterwanls  lHvomo>  crystalline,  forms,  after  pressure 
bet\\een  |«aper  and  dry^nc.  a  i^hito  i>owder.  soluble  in  acids,  ammonia, 
and  poia>h»  but  not  in  wnter.  At  100  it  gives  off  the  greater  part  of  its 
M:i(ei-  \^  iih  a  portion  of  ammonia,  aud  on  iguition  leaves  a  residne 
nniountmi:  to  SI  ;v»  per  eoi.t  .  and  oi^nsisiiui:  of  43*57  zinc-oxide  with 

40  '«»  rti-rnii»u>  aeid     y^Hlto.  A  ..i.  IK  Ann,  15.  141.) 

\\t* 
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\  \n'.'.\u'\v.m-  x»^  ..Vx"  -  ThvM*  :w:  r.'.etal<  fcse  tvi<>ther  wKh 
iV  lu\  iv,"  ,vv»  A,  ;  ;•  ii»V.\v.  Av.i  A.  V.or'..  w::b«^ax  emission  of 
b  ; »  :  '   ,  V .  .  • . .   V .  : :       > ,  ;v  1  o  *   .i-xv.  a  . .  y .  w tcse  don^ity  ii  lefts 

U      \\'.  *,\   *••     . "      'nv-  .  \  vr  —  T:i-    rr:v-r::.sw   fonne^l   in  a 

.X  \    .  X    A       .,.   :  ,^   . '  j»r::r*.;-*4:e  of  poca^sh  dis- 

xy\s,N  ...  .       ^     .     ■;..•.•.•■■   •%•.  ^r:-:  :..'.  a  urj^r  quantity  of 

J.  '.'.•'«..    .••'.•- .♦/    T:    cri..T:5  az>p  then  depo- 

.>-.-::::•  ^s-^»<*L  The  alt 
*i  .s  .  » .  •  -  "  ■  .  ■  V.  .  . .  ■  -  » ;  w.  :.;;  viihout  any 
*     .  .         .                       ^               •■  -  . -.   ..--■  -;  :':.'  K.  «p-fw  en  char- 

-»*   fc »    «.    ■  ••    .N  .   .  »  - ,  -  .•:  i^  ii.wi.  .  .;  U  very  ^li^btly 
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C.  SuLPHANTiMONiATB  OF  ZiNC. — SZnS^SbS^  Zinc-vitriol  dropt 
into  excess  of  aqaeoos  solphantimoniate  of  sodiam,  forms  a  deep  orange- 
yelLow  precipitate,  which  dissolves  in  the  liquid  on  boiling,  and  passes 
through  the  filter  during  washing.  If  the  zinc-sulphate  be  added  in 
excess  and  the  liquid  boiled  for  a  short  time,  a  deep  orange-yellow  preci- 
pitate is  formed,  which  dries  up  to  a  brown-rod  mass  having  a  shining 
fracture.  This  substance,  when  ignited  in  a  retort,  yields  sulphurous  acid 
and  sulphur,  and  leaves  a  half-fused  residue  amounting  to  82*9  per  cent. 
It  dissolves  in  boiling  hydrochloric  acid.  In  caustic  potash  it  dissolves 
with  separation  of  zinc-sulphide,  and  forms  a  yellow  solution,  from  which 
acids  precipitate  pentasulphidc  of  antimony,  with  slight  evolution  of 
sulphuretted  hydrogen.  (Rammelsberg,  Fogg.  52,  223.) 

Rammeliberg. 

4Zn 128-8      ....      32-71        30-85 

Sb  129  0      ....      32-76        80-81 

8S  1280      ....       32-50        33-17 

O 80      ....        2-03 

3Zn8,SbS*  +  ZnO 393*8      ....    100*00 

Zinc  and  Tellurium. 

A.  Telluride  or  Zinc. — These  metals  when  heated  unite  with 
mat  evolution  of  heat,  and  form  a  grey,  porous,  difficultly  soluble  alloy, 
having  a  metallic  lustre  and  crystalline  fracture,  insoluble  in  strong 
sulphuric  or  hydrochloric  acid.  (Berzelius,  Lehrh,  3,  384.) 

B.  Tellurite  op  Zinc-oxide. — By  double  decomposition.  White 
flakes.  (Berzelius.) 

C.  SuLPHOTELLURiTE  OP  ZiNC.—3ZnS,Te8'.— By  doublo  decomposi- 
tion. The  precipitate,  which  is  light-yellow  at  first,  gradually  turns 
brown.  (Berzelius.) 

Zinc  and  Bismuth. 

Alloy  of  2inc  and  Bismuth? — The  two  metals  will  not  unite  by 
fusion.  (Cramer.)  On  melting  them  together  in  equal  parts,  two  layers 
are  formed,  the  upper  consisting  of  zinc,  the  lower  of  bismuth  containinc^ 
a  small  quantity  of  zinc,  and  therefore  of  a  lighter  red;  finer-grained  and 
more  brittle  than  pure  bismuth,  but  expanding  with  equal  force  as  it 
solidifies.  (Marx,  JSckw,  58,  465.)  By  fusing  together  1(512  nts.  (6  At.) 
zinc  and  17  73  pts.  (1  At.)  bismuth,  an  upper  layer  is  formed,  consisting 
of  zinc  and  amounting  to  13*40  parts,  and  a  lower  lajrer,  amounting  to 
19*40  parts  and  consisting  of  bismuth,  which,  where  it  borders  on  the 
zinc,  is  somewhat  more  laminar,  in  consequence  of  admixture  of  zinc; 
but  no  chemical  compound  is  obtained.  (Fournet,  Ann,  Chim.  Fhy$.  24, 
247.) 

Other  Compounds  op  Zinc. 

With  Tin,  Lead,  Iron,  Cobalt,  Nickel,  Copper,  Mercury,  Silver,  Gold, 
Platinum,  and  Palladium.  Very  small  quantities  of  tin,  lead,  iron, 
copper,  or  mercury,  diminish  the  solidity  of  zinc;  a  very  small  quantity  oit 
iron  or  copper  accelerates  its  solution  in  acids;  a  very  small  quantity  of 
lead  or  mercury,  espeeiftUy  the  latter,  retards  the  solution.  (KaniteOi 
^./>r.  CTm.  16,  380.)  e2 
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Syitontmes,    Klaprothium,  Mdinum, 

nUtory,  Cadmium  appears  to  have  b^en  discovered  about  the 
time — ill  tbc  spring  of  1818 — by  Strouicyor  and  by  Heraaanji;  the 
accurate  investigation  of  it  is,  however,  due  to  i?triJiiieyer, 


more 


Sources.  As  Bulpbide  of  cadmium; — also  hi  ^mall  quantity  in  several 
variclies  of  Calamine  and  Blende,  namely,  in  the  radiated  Blende  of 
Przibram,  to  the  amount  of  2  or  3  per  cent.  (Stromeyer.)  In  the  Blende 
of  Nuissierc  to  the  amount  of  ri36  per  cent.  (Daniour,  */.  pr,  Chetfi*  13, 
354.)  In  silicate  of  zinc  from  Froibivrg  and  from  Derbyshire;  in  carbonate 
of  zinc  from  Mendip:  in  carbonate  and  ^iliciite  of  z  nc  from  the  Cumber- 
land mines;  in  conmiorcial  Engli.-jb  zinc;  but  not  in  the  carbonate  of  tine 
from  Holywell,  or  in  the  silicate  from  Hungary.  (Clarke,)  The  flowen 
of  Jtinc  obtained  in  the  preparation  of  zinc  from  calamine  in  Sileslm 
(p.  1)  likewise  contain  about  3  per  cent,  of  cadmium.  All  thoM 
bodies,  when  heated  in  the  inner  blowpi|)€-flame,  form  a  red  deposit  oo 
charcoal  or  on  platinum.  ^ 

Prtparatioiu     1 .  Cadmiferous  zinc,  oxide  of  zinc,  or  zinc  ore,  is  di»^l 
solved  in  dilute  sulphuric  acid;  the  solution  supersjitu rated  with  acid;  the 
ca^lmiani  precipitated  by  sulphuretted  hydrogen;  the  sulphide  of  cadniiuni 
Wb^IkhI  suid  diiMiolvcd  in  f-trong  hydroehWic  acid;  the  excess  of  that  acid 
expelled  by  i^viipoi-ation;  and  the  ca^lnitum  precipitated  aa  a  earbi 
by  nieana  of  carbonute  of  ammonia,  which  is  added  in  alight  exooM^ 
order  to  re-dib^olvo  any  copper  or  zinc  that  may  he  mixed  with 

cadmium.     The  oxide  of  cadmium,  after  being  washed  and  then  he 

to  rodnetts  to  free  it  from  carbonic  acid^  is  mixed  with  thoroughly  ignited 
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lamp-black,  and  beated  to  redDesa  in  glass  or  eartben  retorta;  the  metal 
theo  distils  over.  (Stromeyer.) — Jobn  treats  tbe  cadnnferous  zinc  with  a 
quantity  of  dilute  suljdiuricacid,  not  sulMcknt  to  dissolve  it, — whereupon 
tbe  dissolv^ed  cadmium  is  precipitated  by  tbe  excess  of  ziiiu  in  grey 
flakes.  Tbese  flakes  are  die^jolved  in  dilate  eulpharic  acid — tbe  solution 
evaporated  to  dryness— tbe  re^^idue  dissolved  in  water — tbe  etdation 
acidulated  witb  liydrocblorie  acid — and  tbe  cadniiitni  precipitated  from  it 
by  21  uc. — 3,  Jobn  treat*?  tbe  solution  of  cadmiferous  zinc-How er;*  in 
fiulphuric  acid  witb  siilpburettcd  bydrogen,  in  order  to  precipitate  tbe 
cadinium  in  tbe  fomi  of  sulpbide — decomposes  tbe  precijdtate  witli  nitric 
acid^-evaporates — dissolves  tbe  residue  in  dilute  liydrocblorie  acid — and 
precipitates  tbe  ca*lmium  by  zinc. — 4.  In  tbe  distillation  of  zinc  in 
England,  tbe  cadmium-vapours,  being  tbe  more  volatile,  pass  over  before 
tbe  zinc-vapours,  and  burn  witb  a  brown  flume,  forming  a  yellow,  brown, 
or  black  oxide,  wbicb,  besides  sulpbide  of  cadmium^  oxide  of  zinc,  and 
carbon,  contains  about  20  per  cent,  of  cadmie  oxide,  and  consequently, 
when  dissolved  in  bydrocbloric  acid  and  precipitated  by  zinc,  yicl^l«  i^ 
largo  quantity  of  cadmium,  wbicb  may  be  puri^ed  by  sublimation, 
I  (Herapatb.) — 5.  In  Silesia,  cadmium  is  prepared  on  tbe  large  scale  from 
flowers  of  zinc,  by  gently  igniting  them  witb  cbarcoal  powder  in  eartbea 
lubes — collecting  tlio  metallic  powder  deposited  id  tbe  receiver  [still 
containing  zinc  to  tbe  amount  of  half  lis  wcigbt]  and  distil  ling  it  twice 
in  tlie  sanie  apparatus — and  finally  fusing  tbe  sublimed  metal  in  a  crucible 
witb  tallow.^  (Hoi  lull  dor,  Kastn.  Arch,  1 2,  245.)  It  is  not  easy  to  get  rid 
of  all  the  zinc  by  this  process. 

ProptiiUfi.     Crystallizes  readily  in  octobedrons  j  has  a  dense  texture 

t  indented  fracture.      Soft,  but  barder  and  more  coberent  tban  tin; 

cut  witb  tbe  knife;  very  flexible;  very  easily  beaten  out  into  tbin 

or  drawn  into  wires.  (Stromeyer.)    Wben  bent,  it  emits  a  crackling 

like  tin.     Specific  gravity  after  fusion,  8*604  (Stromeyer),   8  6355 

^(Karsten),   8^67  (Cbildren),  8  677   (Herapatb),  8  75  (Jobn);  after  bam- 

I  mering,  8  6944  (Stromeyer)^  D"05  (Cbildren).     Has  a  strong  lustre.     In 

colour  it  i5  intennediatc  between  tin  and  zinc.     Fuses  below  a  red  beat; 

volatilizes  somewbat  below  tbe  boiling  point  of  mercury,  and  without 

emitting  any  particular  odour,  (Stromeyer*) 


Compounds  of  Cadmium* 
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A.   Sithoxide  of  Cadmium  t 

Oxalate  of  cadmic  oxide,  heated  in  a  retort  to  tbe  melting  point  of  lead, 
gives  off  water,  carbonic  acid,  and  marsh -gas,  and  is  converted  into  a 
Igrecn  powder.  Mercury  does  not  extract  mij  metal  from  this  powder. 
I  When  heated  in  the  air,  it  glows  vividly,  gives  oflf  a  cloud  of  brown 
I  oxide,  and  leaves  a  mixture  of  metal  aud  oxide,  wbicb  partly  fmica 
I  together  in  tbe  form  of  golden-yellow  grains  of  oxide  mixed  with  metal. 
[When  treated  witb  dilute  eulpburic  acid,  it  effervesces  slightly  fmm  tbe 
[escape  of  carbonic  acid  still  retained  in  it,  and  yields  cadmic  oxide  to  the 
licid,  while  metallic  cadinium  remains  behind.  By  dissolving  it  in  nitric 
lacidj  evaporating  to  dryness,  and  igniting,  IOG'13  parts  of  cadmic  oxido 
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areoUiiinecl;  liciice  it  contains  033  [02*9]  percent  of  motal  ncd  6ij 

(7.1]  of  oxygen.  (Marcliand,  Pofji(^.  »'J8,  145.)     Its  compoaition  U  thcr 
ore  nearly  Cd'O. 

B*  Cadmic  Oxidb. 

Pj^otaxide  ef  C<idmiitni,  Kadminmojryd^  Ox^dt  cadmique, 

Cailniiiim  hccoraoB  aomewlmt  tarnished  by  exposure  to  tlie 
(Stroincyor,)  In  moist  air  free  ffom  carbonic  acid,  it  renmrns  uuchange 
Wlien  imtiiersed  in  water  and  exposed  to  air  free  from  carbonic  acid, 
becomes  covered  vvitli  a  whito  powder,  probably  consisting  of  bydmled 
oxide;  in  air  containm;^  carbonic  acid,  it  acquires  a  wbiliah-grey  deposit, 
which  contains  carbonic  acid.  (BonBdorff,  P^.^^/,  42,  336.)  When  exposed 
to  the  air  under  wat^r  containing  ^^^  of  pota'^h  hydrate,  the  mctsl 
becomes  black ish-grey,  but  yellow  after  dryin|.%  and  a  trace  of  cadni!e 
oxide  diHsulves  in  tlio  water.  (A.  ^'ogeK  ./.  pt\  Chem.  H,  107.)  TN 
metal  Imrna  easily  wh^n  heated  iu  the  air,  formini?  cadmrc  oxide,  nrliich 
risca  in  the  form  of  a  brownish-yellow,  inodorous  cloud,  (Siromeyer) 
At  ordinary  temperaturei*  it  doc«  not  decompose  water,  unless  one  of  th« 
etrtmger  acids,  such  as  sulphuric,  hydrochloric,  or  acetic  acid  h  pro*eflt, 
the  decomposition  then  taking  place  with  slow  evolution  of  hyd 
gaa*  (Stromoyer.)  Cadmium  decomposes  vapour  of  water  at  ten 
ture3  above  tue  boiling  poiiit^ — as  when  a  mixture  of  af^ueous  va|>od 
cadmium-vapour  is  passed  through  a  reddiol  tube — the  psoducts  beh 
ca*1mic  oxide  and  hydrogen  gas.  (Regnault,  Ann.  Vhim.  Phys,  62,  ^&\l 
It  oxidizes  and  dissolves  rapidly  iu  cold  nitric  acid.  (Stromeyer)  Cadn 
oxide  IB  obtained  by  burning  cadmium^  or  by  igniting  the  carbonate 
nitrate. 

Cadmic  oxide  is  a  powder,  eometimes  of  a  brownish-yellow,  Aotn^tl 
of  a  brownish-red,  and  sometimes  of  a  dark  brown  colour.    Do<*s  not  tnm^  i 
vulatilize,  or  decompose,  even  at  the  most  intense  white  heat.  (Stroraeyfir,] 
Spi*citio  gravity  6'0ti02»  (Kan^tcn.)     Herapath,  on  subliming  the  mei 
in  a  glass  tube  eontaining  air,  obtained  tho  oxide  in  purple^  opaqu 
iidedle%  aggregated  in  stellate  ma^e^ 

Stronicyifr.  John. 

Cd...„ 56     ....     87-5         ..._         »r*45 90     -»     91 

O    8     ,„.     125         „         12*55        10     _       9 

cSoTZZZZ    64  »..  loo'O      ~,    100-00    100  —  \m_ 

CdO  =  696*77  +  100  =  79677.     (Bcnclim.) 

Chnrcoal  withdraws  oxygen  from  cadmic  oxide  at  a  low  red  heat.    The 
cadmiunK  as  it  is  reduced  on  obarcoal  before  the  blow  pi  pe^  \n  immediati^ly j 
burnt  again,  and  produces  a  brownish  yellow  or  a  red  film  upon 
.«tiareoal 

Cfmhinatumi^  a.  With  wat^jr- — Hyuratk  ok  Cadmic  OxxtiR. — Fo 
^  I'ltating  a  cadmic  salt   in  solution  by  cau^ie  potn&h,     5  If  til 

^  Uo  coQcontraied,  a  basic  salt  i^  obtained;  but  from  a  diluto  tola 

j  ijon,  the  hydratwl  oxide  CdO,HO  18  obtained.   (Scbaffu(«r  Ann.  Pi 
\i\t  173.)  %     \Vhit#*;  b>»e#  its  water  at  a  red  heat;  abeiorb««  eaxbonie  i 
[&om  tho  air.      7  Nickl^ii  has  obtained  the  hydrate*!  oxide  iu  tha  cryvtal*] 
littQ  state  by  the  action  of  aqncona  ammonia  on  metallic  eadmiutn  pL 
''ontart  with  iron*     Tho  compound  th««  formed  had  nearly  tho  oou 
H  CdO,HO.  {J.  Phai^.  [3 J,  12,  01.)  H 
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h.  WitE  AcidB,  forraiag  the  Salts  op  Cadmic  Oxide,  or  Cadmic  Salts. 
— These  salla  are  mostly  col  our!  es?* ;  those  which  are  soluble   in  water, 
reilden  litmus;  they  have  a  disagreeahle  metallic  taste,  anil  act  as  emetics. 
They  give  off  their   acid   by    ignition,    provided    the  acid   is    volatile. 
WbenTieated  with  carbonate  of  eoda  on  charcoal   in  the  inner  blowpipe- 
flame,  they  form  a  yellow  or  brown-red  deposit  on  the  charcoal.     The 
solutions  of  these  salts  give  the  following  reactions  :  Zinc  throws  down 
metallic  cadmium  in  dendrites,     Clarke's  statement  that  cad  mi  ton  \s  like- 
wise precipitated  by  iron,  is  contradicted  by  Metssner  and  Fii^clier. — Snl- 
phnrettod  hydrogen  pa-33ed  through  cadmic  solutious,  even  when  a   large 
xcess  of  acid  is  present,  precipitates  the  whole  of  the  cadmium  in  the 
j^rrn  of  anlphide,  which  has  a  lemon-yellow  colour  at  first,  but  afterwarda 
oines  omnge-yellow,     A  similar  effect  is  produced  by  alkaline  hydro- 
nlphatesp  the  precipitate  being  insoluble  in  excess.     The  liydrated  stil- 
liides  of  manganese,  iron,  cobalt,  and  nickel,  when  recently  precipitated, 
kewi^  throw  down  sulphide  of  cadmium  from  cadmic  salts.   (Anthon. 
f,  pr.  Chcfji,  10,  353«)^Caustic  alkalis   throw  down   white   hydrate  of 
lidmio  oxide,  very  easily  soluble  in  a  slight  excess  of  ammonia,  but  in- 
olublo  in  potash  or  soda.     Sulphuretted  hydrogen  likewise  preci  pita  tea 
Iphide   of  cadmium    from    tbe  solution   in  excels  of  ammonia, —  The 
ftonacarbouates  and   bic^rbonates  of  ammonia^  potash,  and  soda,  throw 
own  white  carbonate  of  cadmic  oxide,  insolnblo  in  excess  of  the  alkaline 
^rbouatcs.     If  the  salt  contams  a  large  quantity  of  free  acid,  the  preci- 
iUte  dissolves  in  excess  of  carbonate  of  ammonia,  but  not  otherwise. 
Stromeyer.)^^ — Phosphate  of  soda  throws  down  white  phosphate  of  cadmio 
tide. — Oxalic  acid  and  alkaline  oxalates  precijdtate  white  oxalate  of 
^mio  oxide,  insoluble  in  alkaline  oxalates,  but  easily  sol  able  in  ammonia. 
The  white  precipitate   produced  by  ferrocyanide  of  potassium,  and  the 
ellow  precipitate  produced  by  the  ferricyanide,  are  soluble  in  hydro- 
hlofic  acid-' — ^^The  addition  of  hyposulphite  of  soda  and  hydrochloric  acid 
oea  not  produce  a  precipitate  of  sulphide  of  cadmium  ;  neither   is  any 
jrrecipitate  produced  by  chromic  acid,  succinic  acid,   alkaline  benzoates, 
tincture  of  galls. — 'Those   salts  of  cadmium  which  are  insoluble  in 
er  dissolve  in  sulphuric,  hydnichloric,  or  nitric  «eid,  and  likewise  in 
aid  Aqueous  solution  of  sulphate,  hydrochi orate,  nitrate,  or  benzoata  of 
ammonia. 

f.  With  Ammonia  and  with  Borax. 


b 


Cadmittm  and  Carbon. 


Carbonate  of  Cadmic  Oxide,  or  Cadmic  Carbonate. — ^White 
powder,  anhydrous  after  drying,  insoluble  in  water,  (Stromeyer.)  Specific 
grarity  about  4'4938.  (Karsten,) 


1 


Stromejer. 

John. 

cdo  , 

64     . 

..     74*42 

74*547 

72 

CO" 

22     . 

.,     25-58 

25*453 

25 

HO 

,. 



2 

CdO,CO»    .. 

86     . 

..  100-00 

lOO'OOO 

99 

IT     Ac^jording  to  Lefort  {J,  Pkarm,    [3]    12^  40B),  the  precipftat©  I 
throw©  down  from  cadmium  solutions  by  alkaline  carbonates  is  2(CdO, 
C0*)+  HO;  and  the  whole  of  tbe  water  goes  off  between  SO"*  ajid  120°. 
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Cadmiuai  and  Bqbon. 

Borate  of  Cadmic  Oxide  or  Cadmic  Borate.^ — By  precipitati 
raoaosulpliate    of  cadmic  oxide  with  borax.     Wliite   powder,  difficuld 
soluble  in  water.   Contaiaa  72*115  cadmic  oxide  and  27-8^5  boracic  adJ 
(Strom  eyer.) 

Cadmium  and  Pho8Phorusi. 

A.  PnosruiDE  OF  Cadmium. — Grey»  with  a  faint  met^iUic  lustre;  vcij 
brittle  and  difficult  to  fuse,  Wbcti  heated  in  the  air,  it  bums  with  a 
bright  flEime,  and  is  converted  into  phoijpljate  of  cadmic  oxide,  Dis8olTQ6 
in  hydrochloric  acid,  with  evolutiun  of  phosphurvtted  hydrogen, 

B.  HvpopnospniTE  of  Cadmic  Oxide  or  Cadmic  H  ypophosphits. 
' — Afjucous  hypophosphorous  acid,  saturated  in  the  cold  with  excess  of 
cadmic  carbonate,  then  filtered  and  evaporated  in  vacuo,  yields  emtXi 
cr^'stals.  These  cryataLn^  when  heated  in  a  retort,  give  off  a  considcnble 
quantity  of  phosphorus  in  tlie  form  of  a  sublimate,  and  likewi^  a  mixture 
of  liydrc»gen  and  pfiosph  are  tied  hydrogen — each  bubble  of  which  takef 
firo  epontaneooijly — and  leave  a  mixture  of  not  quite  1  part  of  brown 
tihn&phoric  oxide^  and  somewhat  more  than  di)  part»  of  cadmic  phot^pUatr, 
in  which  56*86  parte  of  cadmic  oxide  are  united  with  43*14  parttf  of 
phosphoric  acid»  (H.  Rose,  Fo^ff.  12,  OL) 

C.  Phosphite  of  Cadmic  Oxide  or  Cadmic  Phosphitk, — By  double 
affinity^  with  sulphate  of  cadmic  oxide  and  phosphite  of  ammonia*  The 
white  precipitate,  ignited  in  a  retort,  gives  oH"  pure  hydrogen  gas,  witboQt 
evolution  of  light  and  heat,  but  with  j^ublimation  of  a  smaJl  qnantttjcf 
metallic  cadmium,  and  leaves  a  fused  mixaSf  black  and  bliatered  whit 
solidified.  (H,  Rose,  Poc/ff,  0,  4L) 

D.  Okdinary  Phosphate  of  Cadmic  Oxide  or  Cadmic  Pbosphatb.^ 

By  precipitating  a  cadmic  salt  with  dijdiosphate  of  soda.  White  powder, 
insoluble  in  water.  When  heated  to  incipient  whiteneh/s,  it  fusea  te  a 
transparent  glass.  Contains  CD '284  cadmic  oxide  and  30  716  phosphorio 
acid,  (Stromeyer,) 

1    E.   PYRopnosriiATE    OF    Cadmic    Oxide    or    Cadmic     Fr»o» 

PHOSPHATE. — By  precipitating  *iulphute  of  cadmic  oxide  with  pyn»* 
pboAj*hato  of  soda.  White  powder,  which  «inks  elowly  to  the  holtom  of 
the  liquid — eolubJe  in  amnion ia^  pyropho.'^phato  of  Boda,  and  acids,  but 
insoluble  in  rauiitic  potash.  When  ignited  in  a  current  of  hydrogcUj  ft 
yields  a  Hublimate  of  metallic  cadmium  and  phoKphoroue  acid,  whiles 
small  quantity  of  phoepburctted  hydrogen  i^  evolved,  and  a  while  mais 
is  left,  con  taming  phosphoric  acia  and  cadmic  oxide.  It  dissolves  in 
8ul)»huroufl  acid,  and  h  precipitated  from  the  fiolutioDj  on  boiling;  in 
lamiuoQ  having  a  mother-of-pearl  lustre, 

2cao,,,„^ 

6I*0* 


Schwirsetiherg* 

1280      . 

.      6il9 

6365 

71*4      .. 

»       35-81 

3635 

(* 


2CaO,6PO»   _.,,,       199-4      «»     100  00 
9,  Am.  Pharm.  6&,  153.)  t 
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CADMIC  SULPHITE* 


F.  MsTAPHoapHATE  OP  Cadmic  Oxide  or  Cadmic  Metapbosphate, 

—Nitrate  of  cadmic  oxide  mixed,  first  witli  irietapliogphoric  acid,  and 

then  with   ammonia,  yields  a  precipitate  wlxicU  distiolves  in  excess  of 

ammonia^  but  separates  again  when  the  solution  is  exposed  to  the  air* 

_  (Pexsozj  Amu  Chinu  Fhys,  56^  334.) 

H  Cadmium  and  Suxphuiu 

H        A.  Sulphide  of  Caumium.— Found  native  in  the  form  of  Qrtenochiie, 

"  Prepared  as  a  pigment  knowo  by  tlie  name   of  Jamie  brillant,     Formed 

with  difficulty  by  fiiMing  cadmium  with  sulphur^ — more  readily  by  igniting 

cadmic  oxide  with  sulphur;  precipituted  in  yellow  flakes  when  hydro* 

fialphtiric  acid  or  an  alkaline  hydrosulpliate  is  brought  in  contact  with  a 

»  cadmium  salt.  The  native  eulphide  cryetallizes  in  double  six-sided 
pyramids  and  other  forms  of  tlie  hexagonal  i^ystem;  cleavage  pai-allel  to 
the  terminal  and  lateral  edges  of  a  fiix-sided  prieni.  Specific  gravity, 
4*8  (Brooke),  4*908  (Breithaupt).  Hardness  e(|nal  to  that  of  calcspar. 
Of  diamond  lustre,  semi-transparentj  honey-yellow;  yields  an  orange* 
yelloir  or  a  brick-red  powder ;  becomes  carmine-red  whenever  it  is 
heated.  Decrepitates  when  Iieated  somewhat  strongly,  (Brooke,  Breit- 
haupt.) The  artificial  enlphide,  in  the  precipitated  state,  is  an  orange- 
yellow  powder,  which,  when  heated  to  redness,  becomes  first  brownisli 
and  then  cannine-red.  Fusee  at  an  incipient  white  heat,  and  solidifies  on 
coolingj  in  transparent,  lemon-yellow,  micaceous  laraiute.  Kot  volatile  at 
any  temperature.  (Stromeyer.)  Specific  gravity  of  the  fused  artificial 
euJphidej  4*605,  (Kareten.) 

Stromeyer.  Ccmnell.  Thomson. 

^m  Ariifciai,  Naime,  Natwe^ 

^€d   ,.. 56      »..       77*77        ....        78  02        ...,        77'30        ....        77*6 

8 16      ....       22-22        .,.         21-98         .,.,        22'56        .,.,        22*4 

15»    « ....  ...  trace 

ICdS...... 72  ....  100-aO  Z.  IWOO  Z  99-86  ,. .  lOO'O 
In  dilute  hydrochloric  acid  it  dissolves  with  difficulty,  even  when  the 
acid  is  heated;  but  if  the  acid  be  strongj  the  sulphide  dissolves  with  ease, 
even  at  ordinary  'temperatures,  with  violent  evolution  of  sulphuretted 
hydrogen,  and  without  separation  of  sulphur.  {Stromeyer*)  At  a  red 
heat,  it  slightly  decomposes  vapour  of  w^ater;  at  a  white  heat,  cudmio 
oxide  is  formed.  (Reynault.)  Dissolves  in  nitric  acid,  with  evolution  of 
eiilphu retted  h^'drogen  and  sepanttion  of  sulphur.  (Me issuer.)  Very 
sligbtly  soluble  in  ammonia,  (^Vackeurodcr,  Jiepert  46,  226.) 

B.  Sulphite  of  Cadmic  Oxide  or  Cadmic  Sulphite.  —  Cadnrium 
dissolves  in  atpieous  sulplmrous  acid,  and  fomis  eulphito  of  cadmic  oxide, 
a  large  quantity  of  sulpiiide  of  cadmium  being  produced  at  the  same  time: 
for  the  hytlrogen  gas  evolved  by  the  action  of  the  sulphurous  acid  on 
the  metal,  acts  while  in  the  nascent  state  on  a  portion  of  the  sulphurous 
acid,  and  fonns  hydro* ulph uric  acid;  aud  this,  again,  precipitates  a  por- 
tion of  the  dissolved  cadmic  oxide  in  tho  form  of  sulphide*  (Fordos  & 
Gelk,  CQmpL  rend.  16,  1070;  also  /.  pr.  Chftn.  2D,  2SS.) 

3Cd  +  3UO-f3SO»=  3(CdO,SO=)-f3ni 
fin  I  3H+S02^  HS  +  2H0; 

ftnd  3(CaO,SO-")  -i-  HS  =  2CdO,3SO^+  CdS  +  HO* 
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IT  Carboimt^  of  ctMimio  oxiilo  is  roadity  dis^lved  hj  stilphnroiis  mAi; 

atj*l,  on  Railing  tiljsulijto  alcohol  to  tlie  HoIutioD,  a  precipitate  resemVlmg 
nhimitta  itt  prfxlut'otl,  wlikili  dot»a  not  give  otT  water  when  heated  in  % 
tnbe.  \f  liiifl  pn^ciiiitiite  he  left  at  rest  in  the  liquid,  k«iiuti/al  film^ 
crygtals  aro  deposited,  havin",'  the  following  composition : 

Muspntt. 


CdO  

*.«  M»M        64 

,.       28*19 
..       15-82 

so>,.„. 

46       .. 

27-98 

ftiio  .».„,....».. 

18 

1^90 

CdO,BO>-fSAq.    ..»       130       ...     100*00 
(Muspratt,  Phil  Ma^,  11,  414;  Ann,  Pkv*m,  04,  242.)  ^ 

C.  HYPoeuLFiiATK  OF  Cadmic  Oxide  or  Capmic  Hvposxtlpiiatb.— 
The  solution  of  cadmic  curbouate  in  aqueous  hyptwulph uric  acid  depo«iii^ 
when  ilowly  cooled,  a  crystalline  masa  of  salt,  which  has  a  very  raH|^ 
ta«ie,  i«  very  ea«tly  soluble  in  water,  and  deli(}ne<'3cc!)  in  moist  air. 

D-  StitPHATE  OF  Cadmio  Oxide  or  Cadmic  SutPUATB. — d.i>»W|iA«(Cp 
—1,  Uy  ignition  of  6,  (Stromeyer) — 2.  By  imperfi^ctly  precipitating  4 
with  potash  (K'uhn,  Schw,  GO,  344); — by  cxa<,^tly  precipitating  on«- 
thifil  of  a  aolation  of  tlic  noutral  aulpiiate  with  caii-^tic  potash,  and  hoii- 
mg  tha  precipitate  with  the  rest  of  the  solution.  (Jvlihn,  Phorm,  Ctmir, 
1847,  51^5.)  Sjjaringly  soluble  in  water;  separatea  from  the  aolntioti  ia 
•oabe*  (StroiADyer) 

RUba  (1.)        KUbn  (24 

tCaO    »„.... laS    ..,.     72  32      7201        ..       72  6 

SO*   ......„». .,.        40     ^.     22*60       21*96       ....       19  3 

HO „.  9     *...       5-08       6'0:5       ..,.         8  1 


tCdO,80*  +  Aq. 


177 


iou  00 


10000 


lOO'O 


6.  MoHosulphate. — CryetuUiics  with  water  in  large,  transparent  netr 
angular  prianis,  rescujbliiig  crystals  of  jjinc-vitriol;  tlioy  effloresce  rapidly 
iB  tlie  w  (permanent  in  the  air,  accord  tug  to  Meissner],  and.  whca 
fpently  beai<M,  give  off  their  water  of  cry3italHi»tion  without  fusing; 
when  more  jilronj^ly  ignited,  they  lose  half  their  acid^  aitd  are  convcrtwi 
into  a,     EuAJJy  soluble  in  water,  (Stromeycr,) 


Sci« 


10   ^.   uu 


StTotueycr. 
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U  .».  4&*72 
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36     .       25  71 
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^  ^,.  1:...,  -   -^i^ij^^u  ^f  cadmic  ^sulphate  rontainiiif  «xeiM  of 

•nil  ned  cotiipact  cruwta  of  indistinci  eryilmli^  900* 

laming  ^iiip^r'vr  -r  *i^'    \fkarm.  Vmtr,  1847,  595.)  ^ 

E.  F^  ~^  '        '  ^locarbonatc  of  cal- 

fltin  IT*-  itc,  aligktly  *obhle 

In  Wat^r,  to  wUk^  U  laipaxu  ay^aw  «H^our.  (B^cauliuB.) 
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Cadmium  and  Sblbnium. 

IT  Selenite  of  Gadmio  Oxide  or  Cadmio  Selenite.— Selenious  acid 
does  not  precipitate  salts  of  oadmiom.  Selenite  of  ammonia  gives,  with 
chloride  of  cadmium,  a  white  precipitate,  having  an  argillaceous  appear- 
ance, and  assuming  an  orange  tint  when  exposed  to  the  air.  The  salt 
contains  no  water.  It  is  soluble  in  selenious  acid.  When  heated  in  a 
tube,  it  3rield8  a  yellowish-red  sublimate.  (Muspratt,  Ghivn,  Soc,  Qu,  J. 
XL  65.)  1 

Cadmium  and  Iodine. 

A.  Iodide  op  Cadmium. — Prepared  either  in  the  dry  way  or  by 
digesting  cadmium  with  iodine  ana  water.  Fuses  very  easily.  Crystal- 
lizes on  cooling  from  the  fused  state,  or  from  an  aqueous  or  alcoholic 
solution,  in  large,  transparent  and  colourless,  six-sided  tables,  which  are 
permanent  in  the  air,  and  have  a  metallic  lustre  inclining  to  that  of 
mother-of-pearl. — When  somewhat  strongly  ignited  [in  the  air?],  it 
evolves  iodine.  Dissolves  readily  in  water  and  alcohol,  and  crystalliies 
from  these  solutions,  on  evaporation,  still  in  the  form  of  iodide  of  oad- 
miom. Sulphuretted  hydrogen  passed  through  the  solution  slowly  preci- 
pitates sulphide  of  cadmium.  (Stromeyer.) 

Stromeyer. 


Cd  

I 

56   . 
126   . 

...   30-77   .... 
...   69-23   .... 

30-54 
69-46 

Cdl  

182   ., 

...  10000   

....   10000 

B.  Iodate  of  Cadmio  Oxide  or  Cadmic  Iodate. — Concentrated 
solutions  of  iodate  of  soda  and  iodate  of  cadmic  oxide  immediately  form 
a  precipitate  soluble  in  excess  of  the  cadmic  salt;  it  is  bulky  at  first,  but 
soon  falls  together  in  the  form  of  a  crystalline  meal.  When  dry,  it 
forms  a  white  anhydrous  powder.  This  powder,  when  heatedfin  a  retort, 
gives  off  oxygen  gas  and  iodine  vapour,  and  leaves  a  brownish-red 
mixiare  of  oxide  and  iodide  of  cadmium,  from  which  water  extracts 
Botbing,  but  nitric  acid  liberates  iodine. — The  powder  dissolves  but  very 
sparingly  in  water,  more  readily  in  nitric  acid  and  ammonia. 

Cadmium  and  Bbomine. 

A.  Bromide  OP  Cadmium. — 1.  At  ordinary  temperatures,  cadmium 
does  not  combine  with  bromine;  but  when  heated  nearly  to  redness,  it 
absorbs  vapour  of  bromine,  forming  white  fumes  of  bromide  of  cadmium. 
2.  Hydrated  bromide  of  cadmium  is  converted  by  heat  into  the  anhydrous 
bromide. — Bromide  of  cadmium  fuses  readily  [and  crystallizes  on  cooling; 
Cro/t],  and,  when  strongly  heated,  sublimes  in  white  rounded  laminsB 
having  a  mother-of-pearl  lustre.  It  is  decomposed  bv  heated  nitric  acid, 
but  dissolves  without  decomposition  in  hydrochlono  acid,  acetic  acid, 
alcohol,  and  ether. 

Berth^mot. 


Cd  
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56-0   . 
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...   41*66 
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If  Carbonate  of  eadmic  oxule  h  readily  dissolved  by  sulphurous  ftcid; 
and^  on  addini,'  absulute  alcobol  to  the  solution,  a  precipitate  resembling 
alumina  is  (►roduced,  wlijch  d(H'8  not  give  off  water  when  heated  in  a 
tube.  If  til  is  preeipitate  be  left  at  rest  in  the  liquid,  beautiful  silvery 
crystals  are  deposited,  having  the  following  composition: 

Muspnitt. 
CdO   ,„„.        U      ,»s      b^$^ 

SO* 4R       ...       28*19        .......        27*98 

2ltO    , 18       ....       15-82         .......         15*90 

CdO,SO'-^2A<i.    ....       130       ....     100*00 

(Muspratt,  PUit,  Mag.  11,  414j  Ann,  Pharm.  04,  242)  % 

C.  MvposrLriiATK  of  Cadmio  Oxide  f^r  Cadmic  HvpoarLPHATB.- 
Tbo  soliuion  of  ciidmio  i^arbunate  in  aqueoiKs  bypo^ulphuric  acid  depMitfli 
when  slowly  oooled,  a  crystalline  mass  of  salt,  which  has  a  very  rougb 
Uuite,  is  very  easily  soluble  in  water,  and  delit|nesccs  in  moist  air. 

D.  SuLPH.\TE  OF  Cadmic  Oxidb  Of  CapmicSulphatr — a,Bisidf 
"—1,  By  ignition  of  6.  (Stromeyer,) — 2.  By  imperfectly  proeipitaling 
with  pota*h  (Kyhnj  Sc/tHK  60,  .144); — by  exactly  precipitating 
third  of  a  solution  of  the  neutral  sulphate  with  caustic  potash,  and  boil 
ing  the  prccijiicate  with  the  rest  of  the  aolutioo.  (Kiiba,  Vkarm,  Ctnt 
1847,  Jt>3.)  Sparingly  soluble  in  water;  separates  from  the  solutiQU  in 
•oales.  (Stromeyer.) 

Ktlkn  (1.)  EUUn  (2.) 

2CdO 128     ....     72-32      7201       »..  72  6 

iO»  M...^m*». 40      ...     22  CO       .„M,..       21-96       ...  19  3 

HO  M >^Mtt,.. 9    ...       5  08      ,»^.        6*03      .»>  81 

2CdO,dO»  +  Aq. 177    ...   100*00      100  00       .  .     100*0 

h.  Monomlphate. — Cry.«tal liases  with  water  in  large,  (ranspareDt 
angular  prisjms,  resembling  crystals  of  zinc-vitriol;  they  effloresce  mpidJj 
tn  the  air  [permanent  in  the  air»  according  to  Mcis«uer]»  and,  whet 
gently  heated,  give  o/f  their  water  of  crystallisation  witbout  (mmgf 
whdB  mor^  strc»ngly  ignited,  they  lose  half  their  acid,  and  Wtt  ©oflire~"' 
into  a.     Easily  •oluble  in  water.  (Stromeyer.) 

Ua*...,.      N     ^.     61M     ..»     til  Cda.»       64     .«.     Ay72    ,„.    4A1 

SD».. 40    «.*    38"4«    ....    38-3  SO»  .. .      40    ,,*.     28  57     *..*     Wi 

4HO 36       ,.     25-71     ....     26-52iJ 

CdC>,!§0*     !«4  10000     ....  100-0  -►  iAq.     140     ...   100  00     ....  100*01 

H  By  fvaponiting  a  solution  of  cadmic  sulphate  con  tain  ing  excMi 
ttulj^huric  acid,  Klihu  obtained  compact  crusts  of  indistinct  crystals, 
tainingCdO^CH  +  HO,  (Phar^n,  Cmir.  1847,  505.)  n 

E.  8tTLrB0CAEBO?«ATK  nr  Capmium. — Hydrosul|)bnrarbonala  of 
cium  givee,  with  cadmic  salr^,  a  lemon-yellow  precipttale,  sltgktJy  ootubl 
in  water,  to  which  il  unparU  a  jeUaw  colour.  (Beneliua.) 
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2NH> 

Cd  

Br  



34-0 
560 
78-4 

c. 

2019        22*26 

33-251                      j..j^ 
46-56;       ^^  '* 

2NH»,CdBr 

NH»  

Cd 

Br 

170 
560 

78-4 

168*4 
6. 

11-23 
36-99 
51-78 

100-00        10000 

10-66      ....       11-69 
38-19 

NH»,CdBr    

151-4 

.... 

100-00 

H.  Ammonio-bromate  op  Cadmic  Oxide. — The  concentrated  solu- 
tion of  cadmic  bromate,  mixed  with  a  quantity  of  ammonia  sufficient  to 
xe-dissolve  the  precipitate  formed  by  the  first  portions^  and  then  eva- 
porated under  a  receiver  containing  lime,  yields  crystals.  The  mixture 
18  decomposed,  both  when  evaporated  by  heat,  and  when  diluted  with 
water, — white  flakes  of  hydrated  cadmic  oxide,  free  from  bromine,  being 
deposited.     (Rammelsberg,  rogg,  55,  74.) 


3NH» 

2CdO 

2BrO*    

Calculation, 

510      12-27 

1280      30-78 

236-8       66-95 

3NH»  +  2{CdO.BrO*)  

415-8       10000 

I.  AMMONio-cnLORiDE  OF  Cadmium. — a,  3NH*,CdCl.  — 100  parts 
of  pulverized  dry  chloride  of  cadmium  absorb  53*56  parts  (about  3  At.) 
of  ammonia,  the  absorption  being  slow  at  first,  but  afterwards  rapid,  and 
attended  with  rise  of  temperature  and  tumefaction.  The  compound,  when 
exposed  to  the  air,  gives  off  ammonia  till  it  has  lost  its  odour,  and  is  con- 
verted into  the  following  compound  : — b.  NH^,CdCl. — Chloride  of  cad- 
mium treated  with  aqueous  ammonia  yields  a  white  powder,  which  dis- 
solves on  the  application  of  heat,  and  is  deposited  in  the  form  of  a 
crystalline  powder  on  cooling.  When  heated,  it  gives  oft*  16*63  per  cent. 
(1  At.)  of  ammonia,  mixed,  however,  with  a  small  portion  of  sal- 
ammoniac  ;  consequently,  the  residue  is  no  longer  soluble  in  water. 
(Croft,  FhU.  Mag.  J.  21,  355.) 

K.  Chloride  op  Cadmium  and  Ammonium. — NH*Cl,CdCl. — A 
concentrated  solution  of  chloride  of  cadmium  and  sal-ammoniac  in  equal 
numbers  of  atoms  yields,  at  first,  silvery  needles  containing  1  atom  of 
water;  these,  however,  gradually  disappear,  and  are  replaced  by  large 
anhydrous  rhombohedrons,  slightly  soluble  in  alcohol  and  wood-spirit. 
(Croft) 

Pure  hydrated  Carbfjnate  and  Phosphate  of  Cadmic  Oxide  dissolve 
readily  in  sulphate,  hydrochlorate,  nitrate,  and  succinate  of  ammonia. 
(Wittstein,  JR^peH,  57,  32.) 

Cadmium  and  Potassium. 

A.  Sulphate  op  Cadmic  Oxide  and  Potash. — Yields  crystals 
liayiiig  Uie  form  of  sulphate  of  magnesia  and  ammonia.  (Mitscherlicb.) 
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CADMIUM. 


Epdraied  Bromide  of  Cadmium  or  Ht/drohromate  of  Cadmk  Oxidt,-^ 
Bromide  of  eadmiurn  dissolves  easily  in  water.  The  solution  may  be 
formed  by  tlige::*tiii;Lf  cadtiiiuni  w\i\i  bromiiie  aud  water.  When  evajio- 
rated  and  cof^lcd,  it  yields  wliite,  efflorescent  needles.  These  crvstalg 
give  oH'  half  their  water  at  lOD',  and  the  rest,  withoat  fusiog,  at^200*, 
whereupon  they  ussame  aa  ennmel-liko  aj>pearaoce.  (RanuueUberg,  l^o^a. 
55,  24 L)  When  fiuddenly  heated,  they  fuse  in  their  water  of  cryotalii- 
xation,  and  are  eonvorted  into  anhydrous  bromide  of  cadmium.  [Berthe* 
mot;   comp.y  Croft,  FhiL  Mag.  J,  21,  35G.) 


CdBr. 
4H0  . 


Crysiailited, 
134-4     ...     78-87 
36*0     .„.     21-13 


Croft, 
79'OS 
20*93 


Rammdsb 
19-5 


CdBr+4Aq.  .»     170'4 


10000 


lOOOO 


100  0 


B*  B  ROM  ATE  OF  Cadmic  Oxide  or  Cabmic  Bromate, — Formed  hy  pi^ 

cipitatlng  sulphate  of  cadniic-oxiile  with  bromate  of  baryta,  and  evapoml- 
j'ng  tlie  tiltrate  over  oil  of  vitriol  In  a  receiver  containing  air. — Transpa- 
rent, rhombic  prisma  with  angles  of  127°  and  53^,  haviug  their  lateral 
edges  truncated,  and  bevelled  with  two  narrow  faces;  terminated  with 
four-aided  stimniits.  The  cryatal^s,  when  heated,  give  ofl' bromine  vapoar 
and  oxygen  gas,  and  leave  a  brown  mixture  of  oxide  and  bromide  of 
cadmium,  the  latttjr  of  which  may  be  di^i^olveel  out  by  water.  They 
dissolve  in  0'8  pt.  of  cold  water.  (Rammelsberg^  I^o^g*  ^5,  74.) 


CdO  . 
BrO*. 
HO 


64'0       ....       35'44 

118-4       ...       61-86 

90       ....         4  70 


33*38 

61-92 

4  70 


CdO,  BrO*  +  A<i. 191-i 


100*00 


lOO  00 


CaDIIIUU    AMD   CflLORINE, 


A.  Chloribr  of  Cadmium. — Formed  by  fusing  the  hydroeIi]orat4*  of 
Cftdmic  oxide.  After  fusion  it  present«  the  appearance  of'  a  transpArotit 
ma«is,  haying  a  metallic,  pearly  lustre  and  lamellated  texture;  cryHaltiie« 
by  fiublinmtion  in  transparent,  micaceous  laminae  haying  a  similar  la 
Fuses  at  a  heat  below  redness,  and  volatilizes  at  a  somewhat  hi^ 
temperature* — When  cxpos^ed  to  the  air,  it  loses  its  truDSparcncy 
lustre,  and  crumbles  to  awhile  i^owder*  (Stromeyer.) 


ca , 

...........       SCO 

.       01*27 
..       3B'73 

Strotnfyer. 
61*39 

Cl 

3.V4        . 

38-61 

CdCi . 


&1'4 


100^00 


100*00 


Itydruitd  Chloridf  of  Cm^mJum  or  Uydrochtorate  ofCadmic  Oxidf^-^ 
Tmn^arcnt  rectangular  prii^m.^  which  deliquesce  readily  wlien  hcftti?il| 
and  arc  easily  £K>lublc  in  water.  (Strom eyerj  John.) 

?ERCtn.OIlATB  or  CaDMIC  OxIDK  or  CaDMIC  PERCttLOirATK,  —  T1j« 
Aolution  of  the  oxide  in  aqucou«  perchloric  acid  leaver,  when  evaporateil 
In  the  hot  air  citamber,  a  transparent,  del iqueff cent,  crystalline 
which  is  soluble  in  alcohol  (Scralla^  Ann,  Vhim,  iMy#,  iC,  305.) 
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Cadmium  and  Fluorine. 


Fluoride  op  Cadmium*— Deposited  from  the  aqneons  solution,  on 
eyaporation,  in  white,  indistinctly  crystalline  crusts,  which  adhere  firmly 
to  the  sides  of  the  vessel.  Sparingly  soluble  in  pure  water,  more  readily 
in  aqueous  hydrofluoric  acid.  (Berzelius,  Pogg,  I,  26.) 


Cadmium  and  Nitrogen. 

A.  Nitride  of  Cadmium  ? — Obtained  in  the  same  manner  as  nitride 
of  zinc  (p.  d3).  The  solution  must  always  contain  an  excess  of  sal- 
ammoniac.  The  liquid  becomes  turbid  [in  the  preparation  of  zinc-nitride 
it  remains  clear],  because  the  ammonia,  as  it  is  set  free  at  the  negative 
pole,  precipitates  hydrated  cadmic  oxide,  which,  however,  in  the  imme- 
diate neighbourhood  of  the  pole,  is  re-dissolved  by  the  ammonia  subse- 
quently liberated.  On  the  negative  polo  there  is  soon  deposited  a  spongy, 
dark,  lead-grey,  non-crystalline  mass,  which  visibly  increases,  and,  after 
being  pressed  between  two  plates  of  glass,  has  the  appearance  of  a  lead- 
grey  amalgam  :  when  washed  and  dried,  it  has  a  specific  gravity  of  4*8. 
Five  miuB  of  this  substance  yield,  when  heated,  from  0'18  to  0*25  cub. 
in.  of  nitrogen  gas  free  from  hydrogen,  and  leave  a  yellowish-green 
residue  containing  globules  of  metallic  cadmium.  (Grove,  Phil.  Mag,  J. 
19,  99;  also  Pogg,  54,  101.) 

B.  Nitrate  op  Cadmic  Oxide,  or  Cadmic  Nitrate. — Crystallizes 
in  combination  with  water,  in  prisms  and  needles  united  in  radiated  masses 
(Stromeyer),  which  deliquesce  in  the  air  (Meissner),  and  dissolve  in 
alcohol,  but  do  not  impart  any  peculiar  colour  to  its  flame.  (Children.) 

Anhydrous,  Stromeyer.  Crystallized*  Stromeyer. 

CdO  64     ....     54-24     ....     5409  CdO....  64     ....    41-56  ....     4215 

KO*  54     ....    45-76     ....     45-91  NO*....  54     ....     3507  ....     3578 

4H0  36     ....     23-37  ....     2207 

CdO,NO»    118     ....  100-00     ....  100-00  +4Aq.  154     ....  10000     ....  10000 

C.  Ammoniacal  Oxide  op  Cadmium. — Aqueous  ammonia  readily 
dissolves  cadmic  oxide — the  oxide  first  turning  white — and  deposits  it, 
on  evaporation,  in  the  form  of  a  gelatinous  hydrate.  (Stromeyer.)-— 
Potash  precipitates  cadmic  oxide  from  its  solution  in  ammonia. 

D.  Ammoniacal  Hyposulphate  op  Cadmic  Oxide. — The  solution  of 
cadmic  hyposulphate  in  heated  ammonia,  when  left  to  evaporate  spon- 
taneously, deposits  the  compound  in  the  form  of  a  crystalline  meal,  mixed, 
however, — since  some  amount  of  decomposition  takes  place  on  evapora- 
tion— with  hydrate  and  hyposulphate  of  cadmic  oxide.  (Rammelsberg, 
Pogg.  58,  298.) 

Rammelsberg. 

2NH»  34       ....       2000        18-32 

CdO    64      ....      37-65        3812 

fflO* 72       ....       42-35 

2NH»  +  CdO,S»0»      170      ....     10000 


CADMIUM. 


E,  AMMONio-eTTtPHATE  OF  Cadmic  Oxide, — 1 00  portfl  of  anbydroufl 

cadmic  sulpbate  absorb  iS'BQ  parte  (3  At)  of  ammonia,  with  great  n6e 
of  temperature  and  tumefactioa,  aiifl  are  tbereby  converted  into  a  wbile 
powder.  The  compound,  wben  hcatud  to  reduess,  gives  ofl'a  large  (|tian- 
titj  of  ammoniaeal  gas,  and  yields  a  trilling  sublimate  of  eui^>hile  of 
amnion ia«  It  di^^solves  io  water,  with  fieparatiou  of  cadmic  oxido^  (H* 
Rose,  Pof/i/,  2P,  152.) 

H.  Rose. 

3NHa. , 51     ....     32-9        32^74 

CdO,803 104     67-1         ,. 67"26 


3NH3  +  CdO,SO»....     155 


100  0 


100  00 


F.  Ammokio-iodihe  op  Cadmium. — a.  3NH\CdI. — Dry  iadidc 
of  potassium  does  not  abiiorb  anmioniacal  gas  at  ordiuary  tempera turce; 
but  when  gently  beatcd,  it  takes  up  27 '7 80  per  cotit*  of  ammonia,  swelling 
up  and  evolving  beut,  and  cninibling  to  a  fine  white  powder.  The  cam- 
pound  gives  up  all  its  ammonia  when  heated.  Water  added  to  the  powd 
eoparateB  hydrated  oxide  of  cadmiain,  with  which  a  small  portioa 
iodiue  still  remains — and  fonns  a  i?cjlation  conuining  a  snjall  portion 
eadmium,  and  giving  off  ammonia  when  heated.  (Hauiniel4*erg,) 

k  NlP^Cdl.^ — A  solution  of  iodide  of  potassium  iu  heated  ammonia 
deposits  very  small  erj^stala  on  cooling,  and  the  mMther-litjuid,  if  evapo- 
rated and  mixed  with  ammonia,  yield.'^  an  additional  tjuantity.  The 
crystals  fuee  when  heated,  giving  off  ammonia  and  water — which  is  not 
essential  to  tlicir  constitution— and  leaving  iodide  of  cadmium.  Tbey 
are  decomposcii  by  water  in  the  same  manner  as  a,  (RanimcUbergr 
Pogg,iS,l53,) 

a*  Eammelsbers. 

........        51         »..        2Vn        2175 

........       1«2         ....         7«*n 78-25 


3NH«  .................        51 

Cdl 1«2 

3NH*,CdI 233" 


100  00 


Cdl 
HO. 


10000 

lUmtnetsberg. 

7  15 

91  37 

1  49 


I  00 


lOOHM 


Nil',  Cdl  .......       199 

When  a  solution  of  cadmic   iodate  in  aqueous   ammonia  li  Mi 
porate  freoly,  it  yiehbi — besides  crystals  of  iodat*?  of  ammonla-^oryiR^ 
talliiie  crusts,  whieh  probably  contain  ammoniocal  iodato  of  cadmic  OJLitl& 

(Rammelsborg.) 

G,  AMMo^(lo•it^oMIr)R  op  Cadmium. — a.  2NH\CdBr-  Dry,  pul- 
verixed  bromide  uf  cadmium  swelU  up  when  iutroduced  inl4}  ammuniaeal 
gais,  taking  nti  2  al4>ms  iif  aLumonia  (from  2  to  3 ;  Crofi.),  aod  cnituUii^ 
til  a  bulky  while  ]jowder«  Tbo  compound  gives  otf  all  it«  ammonia  wbea 
h^ittd;  ou  diaeolving  it  in  water^  part  of  the  oxide  fleparatc«  out.  (P 
moUbefjor.) — h,  NH.CdlJr.  A  concent  mtcd  nolu  lion  of  bromtda  of 
tnium  3    with  ammonia,   yitddn,   on  evaporation,  mnnW 

which  **  n  whnn  licated,  or  when  digcst**d  in  water.  ^Ilami 

berg,  /''^yy-  -f"^,  lit  I.)     A  solution  of  bronndu  ot  ca^Imiiini  iu  warn 
iunmonia  d<*po^^tJl  the  compound  in  cryntaliinc  grains  wb»in  rap:  i, 

•*\d  in  rcgtilar  octobedrotm  by  alow  cooling.     (Croft^  I*kU,  JJa^,  J,  *\% 
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«.  Rammeliberg. 

2NH> 340      ....  2019  2226 

Cd  66-0       ....  33-25)  .- -. 

Br  78-4       ....  46-561  "  '^ 

2NH>,Cdfir  168-4      ....     100*00        ZZ       10000 

h,  Rammclsberg.        Croft. 

NH»  170      ....  11-23        10-66      ....      11-69 

Cd 560      ....  36-99        3819 

Br 78-4      ....  51-78 

NH»,CdBr    151-4       ....     10000 

H.  Ammonio-bromate  of  Cadmic  Oxide. — The  concentrated  solu- 
tion of  cadmic  bromate,  mixed  with  a  quantity  of  ammonia  sufficient  to 
re-dissolye  the  precipitate  formed  by  the  first  portions,  and  then  eya- 
porated  under  a  receiver  containing  lime,  yields  crystals.  The  mixture 
is  decomposed,  both  when  evaporated  by  heat,  and  when  diluted  with 
water^ — white  flakes  of  hydrated  cadmic  oxide,  free  from  bromine,  being 
deposited.     (Rammelsberg,  rogg,  55,  74.) 


Calculation, 

3NH« 

510      12-27 

2CdO 

1280       30-78 

2BrO*    

236-8       56-95 

3NH»  +  2(CdO.BrO»)  

415-8       10000 

I.  Ammonio-chloribe  op  Cadmium.— a.  3NH',CdCl.  — 100  parte 
of  pulyerized  dry  chloride  of  cadmium  absorb  53*56  parts  (about  3  At.) 
of  ammonia,  the  absorption  being  slow  at  first,  but  afterwards  rapid,  and 
attended  with  rise  of  temperature  and  tumefaction.  The  compound,  when 
exposed  to  the  air,  gives  ofl*  ammonia  till  it  has  lost  its  odour,  and  is  con- 
verted into  the  following  compound  : — b.  NH^,CdCl. — Chloride  of  cad- 
mium treated  with  aqueous  ammonia  yields  a  white  powder,  which  dis- 
solves on  the  application  of  heat,  and  is  deposited  in  the  form  of  a 
cr3r6talline  powder  on  cooling.  When  heated,  it  gives  off  16*63  per  cent. 
(1  At.)  of  ammonia,  mixed,  however,  with  a  small  portion  of  sal- 
ammoniac  ;  consequently,  the  residue  is  no  longer  soluble  in  water. 
(Croft,  FhU,  Mag.  J.  21,  355.) 

K.  Chloride  op  Cadmium  and  Ammonium. —  NH*Cl,CdCl. — A 
coneentrated  solution  of  chloride  of  cadmium  and  sal-ammoniac  in  equal 
numbers  of  atoms  yields,  at  first,  silvery  needles  containing  I  atom  of 
water;  these,  however,  gradually  disappear,  and  are  replaced  by  large 
anhydrous  rhombohedrons,  slightly  soluble  in  alcohol  and  wood-spirit. 
(Croft) 

Pure  hydrated  Carhmaie  and  Phosphate  of  Cadmic  Oxide  dissolve 
readily  in  sulphate,  hydrochlorate,  nitrate,  and  succinate  of  ammonia. 
(Wittstein,  RepeH,  57,  32.) 

Cadmium  and  Potassium. 

A.  Sulphate  op  Cadmic  Oxide  and  Potash. — Yields  crystals 
liaring  the  fonn  of  sulphate  of  magnesia  and  ammonia.  (Mitscherlich.) 


C4 


CAB&mJM. 


B.  Iodide  op  Cadmium  and  Potassium. ^ — KI,CdI.— -Not  errstAl- 
Hzable;  very  easily  soluble  in  water, — sllghtlj  soluble  in  aleobol  and 

wood-spirit.   (Croft.) 

C.  Bromide  op  Cadmium  a^d  Potassium* — KBr.CdBr. — Hydraied 
needles,  very  easily  soluble  in  water^  ellghtly  eolable  in  alcohol  (Croft) 

D.  Chloride  of  Cadmium  axd  Potassium,^ — KCl,CdCl — Yields 
anbytlrous  and  hydrated  crystals,  analogous  to  those  of  chloride  of  cad- 
mium and  ammonium.  Dissolves  in  water  lesa  readily  than  C;  alightly 
solnblo  in  alcohol  and  wood-spirit.  (Croft.) 

Cadmium  axd  Sodium. 

Carbonate  of  soda  doeg  not  dissolve  cadmic  oxide  before  the  blow- 
pipe. 

A.  Melted  Borax  dissolves  the  oxide,  forming  a  clear  glass,  which  is 
yellowish  while  hot,  becomes  almost  colourless  on  cooling,  and  if  mode- 
rately charged  with  oxide,  becomes  milk-white  by  gentle  flaming,  but  if 
more  strongly  charged,  assumes  an  enamel -white  appearance  on  simple 
cooling;  if  heated  on  charcoal,  it  boils  contiunoucily  in  consequence  ef 
the  redoction  and  volatilization  of  the  cadmium. 

B.  Microco^tnic  Salt  dissolves  tbe  oxide  abundantly,  forming  a  clear 
glass,  which,  if  saturated,  becomes  milk-white  on  cooling.  (BerzeliasL) 

C.  Chlobide  op  Cadmium  and  Sodium.  —  NaCl,  CdCU — Warty 
crystals,  containing  3  At.  water,  soluble  in  1"4  parts  of  water  at  IC*; 
slightly  soluble  in  alcohol  aud  wood-spirit.  (Croft.) 


Cadmium  akd  Calcium. 

HypophoiphiU  of  Cadmic  oxidf  and  Litne  f — By  boiling  eadfltle 
oxalate  in  excess  with  hypophosphitc  of  lime  and  water,  and  evi- 
porating  the  filtrate  in  vacuo,  a  crystalline  m.iis  is  obtained,  which,  when 
heated  in  a  retort,  gives  o6r  spontaneously  intliimniciblc  pho^pbuirttcd 
hydrogen  gas,  a  character  by  which  it  151  dijjtlnguishiHl  fr<»m  pure  ca^lmie 
hvpophoLphite.  It  contains  :  hypophosphite  of  lime»  3*7 i;  hypophoaphitc 
01  cadmic  oxide,  68  80 ;  water,  *27*i6  (4  At.).  (H.  Rose,  Po^^,  12,  2»4.) 


Cadmium  akd  StuciUM. 

Hydrated  Silico-Fluoridr  op  Cadmium. — Long»  tr^nsparenl^ 
colourless  prisms,  which  are  very  easilpr  soluble  in  water,  and  M^ntc^  i  ^ 
warm  air,  forming  an  opai^ue,  cjisily  disintegrated  mass.  {BettQU^,  Fo^ 
h  l£>^-) 

Cadmium  and  TuifosTKir. 

A*  TuKcwTATROF  Cadmic  Oxidh.--^*  J/cmof un^i/^i«.^Monottiii| 
of  potiJih  or  soda  addetl  to  a  cadmic  salt,   throws  down  A  white  pawde 
which  gives  off  its  water  when  heated,  assuming  a  reddish  or  ycUowisli 
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eolonr,  and  afterwards,  when  heated  to  redness,  becomes  bluish-black, 
and  bakes  together  into  a  hard  mass.  It  dissolves  in  phosphoric  acid, 
.oxsilic  acid,  and  ammonia,  but  not  in  water. — b,  BUungstate,  By  preci- 
pitating with  an  alkaline  bitnngstate.  The  white  pulverulent  precipitate 
IS  anhydrous;  when  ignited,  it  turns  grey  and  bakes  together.  Soluble 
in  phosphoric,  oxalic,  acetic  acid,  and  ammonia,  but  not  in  water.  (An thou, 
J.pr.  Chm.  9,341.) 

a.    Ignited,  Anthon. 

CdO   64      ....      34-78        ....        35-87 

W0» 120       ....       65-22         ....         64-13 

CdO,WO» 184      ....     100-00        Z.      100-00 

a,  Hydraied.  Anthon. 

CdO  64  ....        31-68  ....        33 

WO» 120  ....         59-41  ....         59 

2H0      18  ....           8-91  ....           8 

CdO,WQ»  +  2Aq 202       Z.       10000        Z.       100 

B.  SuLPHOTUNOSTATE  OP  Cadmium. — CdS,WS'. — On  mixing  the 
solntion  of  a  cadmic  salt  with  snlphotungstate  of  potassium,  this  com- 
pound is  immediately  precipitated  in  the  form  of  a  lemon-yellow  powder. 
(Berzelius.) 

Cadmium  and  Molybdenum. 

A.  MoLYBDATE  OP  Cadmic  Oxide. — Molybdatc  of  ammonia  gives, 
with  sulphate  of  cadmic  oxide,  a  greyish  white  precipitate  which  turns 
brown  when  gently  ignited.  (Brandos.) 

B.  Sulphomolybdate  op  Cadmium. — By  precipitating  a  cadmic  salt 
with  snlphomolybdate  of  potassium.  Dark-brown  precipitate,  insoluble 
in  water.  (Berzelius.) 

C.  Persulphomolybdate  of  Cadmium. — By  precipitating  with  per- 
snlphomolybdate  of  potassium.  Red  precipitate.  (Berzelius,  Pogg,  7, 
286.) 

Cadmium  and  Vanadium. 

Vanadtate  op  Cadmic  Oxide. — a.  Monovanadiate. — On  mixing 
concentrated  solutions  of  an  alkaline  monovanadiate  and  a  cadmic  salt, 
a  portion  is  immediately  precipitated  in  the  form  of  a  yellow  substance 
which  gradually  turns  white;  the  greater  part  of  the  salt  is  subsequently 
deposited  as  a  white  crystalline  crust. — h,  Bivanadiate, — Soluble  in  water. 
(Berzelius.) 

Permanganate  of  Potaih  does  not  precipitate  hydrochlorate  of  cadmic  oxide. 


Cadmium  and  Arsenic. 

A.  SuLPHAUSENiTE  OP  Cadmium.— By  precipitating  a  cadmic  sah 
witb  a  saturated  solution  of  sulpharsenious  acid  in  hydrosulphate  of 
ammonia.  The  pale  yellow  precipitate— orange-yellow  when  dry — 
becomes  semi-fluid  when  heated,  and  is  converted,  by  loss  of  orpiment, 

TOL.    V.  P 


66  Tnr. 

into  a  swollen,  meial-grey  componnd  of  snlplude  dF  cadiniam  %itli  a 
small  finantity  of  orpiment,  which  fonns  a  aeep-yellow  powdeh  (Ber- 
xehuSy  rogg.  7,  146.) 

B.  SrLPHARSEMATE  OF  Cadmifx. — Aqneons  snlpharseniaie  dT sodinm 
giTes  a  light  jellow  precipitate  with  cadmic  salts.  (Berieliiis,  Pog^»  7^  88.) 

Cadmium  and  AyxiMoxr. 

SuLPHANTiMoxiATE  OF  Cadmicm. — The  solotion  of  Schlippe*8  salt 
^▼es  a  light  oran^-jellow  precipitate  with  cadmic  salts,  if  the  former  he 
m  excess;  hut  if  the  cadmic  salt  is  in  excess,  the  precipitate  is  darker  in 
colour  and  becomes  red-brown  after  remaining  for  some  time  immersed  in 
the  liquid.  (Rammelsberg,  Pogg,  52,  236.) 

Cadmium  and  TELLURtrM. 

ScLPHOTELLCRiTE  OP  Cadmium. — Analogous  to  the  cerium-compound 
(IV.  425). 

OxnfeR  CoMPor^Ds  of  CADXirar. 

With  Copper,  Mercury,  and  Platinum. 


Chapter  XXX. 
T    I    N. 


Proust.     J,  Phys.  51,  173;  also  Scher,  J.  8,  481.— J^.  Phfft.  61,  338;  also 

N.  GM.  i,  240;  al>o  Gill.  25,  440. 
Berzelius.     Schip.   6,  284.— Further:    Ann,   Chim.  Phys.  5,    141;   also 

y.  Tr.  2,  2,  359. 
J.  Davy.     Schw,  10,  321. 
Oay-Lussae.     Ann,  Chim.  Phys.  1,  40. 


SrifONTMEfl:  Etain,  Zinn,  Sfanniim,  Jupiter, 

History.  Till  wa.s  known  in  the  metallic  state  as  early  as  the  tim^ 
of  MoHCs;  it  wa.i  ini[)orto<l  hy  the  IMuvnioians  from  Spain  and  England. 
Bichloride  of  tin  was  <lisror<'ro<l  in  the  sixteenth  century  hy  Lihavius. 
The  prrpanition  of  Mosiir  p)ld  was  taught  hy  Kunkcl.  The  chief  con- 
trihutionn  to  our  knowlcti^re  of  the  compounds  of  tin  have  been  made  by 
lV'lI<?ticr,  Proust,  J.  Davy,  and  Borzelius. 

Stnirrt'«,  Most  fn<|iicntly,  as  binoxidc,  in  Tin-stone;  rarely  with 
sul[>hurand  <'o)iprr,  in  Tin-pyrites.  In  very  small  quantities,  as  binozide, 
in  the  Sci«Ucliiitz  wairr,  and  in  many  mete<»ric  stones  (Berzelius);  in 
Mun^ane.-ian  Kjiiilote  and  native  poroxi<lo  of  manganese  (Brannkfin) 
^rom  Piedmont,  ami  in  ail  Scaudinuviuu  Epidotes.  (Sobrero.) 
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Preparation  on  the  large  scale.  Tin-stone  is  broken  up — ^roasted  to 
drire  off  the  sulphur  and  arsenic  of  the  ores  that  are  mixed  with  it,  and 
convert  the  other  metals  into  light  oxides  easily  separated  from  the 
heavier  tin-stone  by  washing — and  then  fused  in  contact  with  charcoal^ 
either  in  smelting  furnaces  or  in  reverberatory  furnaces,  sometimes  with 
the  addition  of  a  calcareous  flux. — Purification  on  the  large  scale, — 1.  By 
gentle  heating,  whereby  the  purer  tin  fuses  and  runs  ofli*,  while  the  more 
refractory  alloys  of  tin  and  the  foreign  metals  "remain  unmelted. — 2.  By 
fusion^  with  imperfect  access  of  air,  whereby  the  foreign  metals,  together 
with  a  portion  of  the  tin,  are  oxidized  first. — The  purest  varieties  of  tin 
are  Malacca  and  Banca  tin  and  English  Grain-tin;  then  follows  Common 
English  Grain-tin;  then  English  Block-tin  and  Saxon  and  Boliemian 
Jfine-iin  (Bergzinn) ;  then  Tin  refuse  and  Tin-scum  {Abgangs-und 
Jbstrich-zinn),  The  impurities  consist  of  arsenic,  antimony,  bismuth, 
zinc,  lead,  iron  and  copper;  they  remain  for  the  most  part  in  the  form 
of  a  black  powder,  on  dissolving  the  tin  in  hydrochloric  acid.  The 
greater  part  of  the  arsenic  is,  however,  evolved  in  the  form  of  arseniuretted 
hydrogen  gas,  and  may  be  detected  by  Marsh's  process.  Stiiremberg 
(Ann.  Pkann.  29,  216)  found  arsenic  in  all  commercial  tin,  and  likewise 
in  tin-foil  and  tin-plate;  a  sample  of  Banca  tin  and  likewise  of  English 
grain-tin  were,  however,  found  to  be  free  from  arsenic.  Chevallier 
(J,  Chim.  Med,  16,  250)  likewise  obtained  arseniuretted  hydrogen  gas  on 
dissolving  Banca  tin  which  was  said  to  be  free  from  arsenic  and  did  not 
deposit  any  black  powder  when  dissolved — Purification  on  the  small 
scal^. — This  is  effected  by  oxidizing  tin-filings  with  excess  of  nitric  acid, 
washing  the  resulting  binoxide  with  hydrochloric  acid  and  water,  and 
reducing  it  in  a  closed  charcoal  crucible  at  a  low  white  heat.  If  pure 
water  be  used  in  the  washing,  the  stannic  oxide  retains  oxide  of  copper. 

Propei^ties,  Crystalline  system  the  square  prismatic.  When  a  feeble 
current  from  a  Daniell's  battery  (I.  421)  is  passed  through  aqueous 
hydrochlorate  of  stannous  oxide,  the  positive  pole  being  formed  of  a 
plate  of  tin,  the  negative  polar  wire  becomes  covered,  in  the  course  of 
four  days,  with  perfect  crystals  belonging  to  the  square  prismatic  system. 
Fig.  39,  without  the  p  face,  but  having  the  four  a-faces  and  likewise 
eight  acumination-faces  resting  u]Km  e  and  a,  Macle-crystals  are  of 
frequent  occurrence.  (Miller,  Phil.  Mag.  J.  22,  263.)  Mather  (*S'i7^.  Ann. 
J.  27,  254)  likewise  obtained  right-angled  four-sided  crystals  of  metallic 
tin,  upon  a  piece  of  the  metal  immersed  in  a  solution  of  the  proto- 
chloride.  Brooke  obtained  eight-sided  needles  by  slowly  cooling  melted 
tin,  and  pouring  off  the  portion  which  remained  liquid.  Pajot,  on  the 
other  hand  (/.  Phys.  38,  52),  obtained  rhombic  tables  by  this  process; 
and  Breithaupt  {Schw,  52,  171)  saw  tin  from  a  Cornwall  tin-furnace 
crystallized  in  short,  regular,  six-sided  prisms.  These  crystals  were 
regarded  by  Miller  as  CuSn'.  Prankenheim  {Pogg,  40,  456;  concludes, 
from  the  angles  of  the  dendrites  in  the  tin-tree,  that  the  crystals  belong 
to  the  regular  system. — Specific  gravity  of  tin-crystals  =7*178,  and  after 
fusion  and  solidification,  7*293  (Miller);  of  tin  solidified  from  fusion, 
7*291  (Brisson),  7*2911  (Kupffer),  72905  (Karsten);  of  rolled  tin,  7*299 
(Brisson).  Softer  than  gold,  harder  than  lead;  fracture  indented. 
Decrepitates  when  bent.     This  crackling  of  tin  {Geshrei  des  Zinns)  is 

Produced  by  the  displacement  of  the  crystals  of  which  it  is  made  up. 
'in  cannot  oe  drawn  out  into  fine  wire,  but  may  bo  beaten  out  into  thin 
plates  {Tin-foil).     Bluish-white,  with  a  strong  lustre.     Melts  at  222*5'' 
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(G,  A,  Erroan),  at  288"  (Crlclitou),  at  230^  (Kupfler),  at  2C7''  (Morroau), 
and  contracts  fili^^btly  in  cooling  ^Marx).  Boils  at  a  white  heat.  The 
disagreeable  odour  ascrilicil  to  tin  aoca  not  prop*?rly  beloofj  to  tlie  inetul 
its»elf,  liut  is  solely  duts  to  its  action  on  animal  substances,  the  fingers  for 
example,  with  which  it  comes  in  contact. — Nitric  acid  of  modenlc 
Btrength  attacks  tin  with  violence,  hat  ^rithcmt  dissolving  it,  and  converU 
it  into  a  white  powder.  Tin  may  also  he  easily  distinguished  from  otiier 
metals  hy  its  behaviour  with  a  eolation  of  gold  containing  excess  of 
hydrochloric  acid;  a  bright  surlace  of  tin  immersed  in  sucli  a  solutioo,  il 
blackened  without  evolution  of  ^tus;  zinc  turns  black  and  liberatea  g*s; 
lead  does  not  blacken,  (Friedemaan,  lieperL  77,  224.) 


Compounds  of  Tin. 

Tin  anb  Oxvoen, 

A.  Stannous  Oxide,     SnO, 

Proioxide  of  Tin,  ^innoxydul,  Oajde  Stannetije, 

Formation,  Tin  slowly  decomposes  water  mixed  with  hydroehlone 
acid,  sulphuric  acid,  or  potash,  and  dissolves  in  these  substances  in  tkc 
form  of  stannous  oxide.  The  hydrogen  which  is  evolved  cont;)in3  ar9Ctii<v 
if  that  metal  is  present  in  the  tin.  The  aqueous  solutions  of  sabanimontaCy 
common  salt,  bisulphatenf  potash,  alum,  cream  of  tartar  and  borax-tartar 
likevvige  di.si^olve  small  (|iiantitios  of  tin  when  heated,  and  form  goluttoat 
of  f^tannous  oxide;  tin  i.s  al*^o  dissolved,  though  in  very  small  t|uaiitity, 
by  the  aqueous  solutions  of  nitrate  of  soda,  monotartrate  of  potni^b,  aod 
Rochelle  salt.  Solntions  of  carbonate  of  potash,  sulphate  of  bo4m^ 
chloride  of  barium  or  calcium,  sulphate  of  magnesia,  and  tartnite  of  potafb 
and  ammonia  do  not  retain  tin  in  solution,  but  in  contact  with  air  prodooe 
a  deposition  of  stannic  oxide.  Nitre,  bonix,  and  dipliosphate  of  noda 
bave  no  action  npon  tin,  (Lindea,  Berl.  Jahrb.  32,  2,  9i*;  Cludiua,  J,  p. 
Chenh  0,  161.) 

Prepat^ation,  L  Stannous  oxide  is  precipitated  in  the  fonn  of  hydrate 
from  its  solution  in  hydrochloric  acid  by  the  addition  of  carbonate  «f 
potash  in  excess — the  hydrate  quickly  washed  with  thoroughly  (>oiW 
water,  and  as  much  as  possible  out  of  contact  of  air — then  drird  ntt 
temperature  not  exceeding  Si)'' — and  lastly  freed  from  water  by  hratiof 
It  in  a  retort  completely  filled  with  it,  and  having  the  air  replaced  by 
Hydrogen  or  carb^jnic  acid  gas.  (Berzelius/) — 2.  Hydrochloratt*  of  »Im« 
noun  oxide  is  treated  with  excess  of  ammonia,  an<l  the  precIptUliJ 
hydrate  of  stannous  cxido  boiled  quickly  for  awhile  to  convert  it  inUt 
the  anhydrous  oxide,  which  is  then  quickly  washed  and  dried,  (Gay- 
Ltu«ac,) — 3,  Aqueous  hydrochloric  acid  is  «atunited  with  tin;  the  *«' 
lion  evaporated  in  contact  wilb  a  piece  of  metallic  tin,  till  a  rrsidiie 
ftised  protfK'hloride  of  tin  is  left;  the  metal  then  taken  out;  1  At.  of  iIm 
chlori«le  of  tin  (iM'4  prirt"*)  mixed  in  a  morinr  with  1  At,  (14^*2  mrii) 
or  morn  of  crystal  11  red  carbonate  of  soda:  the  fluid  mixture  heated  in  a 
bn#in — with  ron-^fnnt  stirring— till  it  has  bt»como  black  thhjugh  and 
through;  t\  'i>  of  eodium»  after  cooling*  extracted  with   Iwjilin 

water;  the-  oxide  washed  with  boiling  water  on  the  filter, 
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Btly  dried  at  a  gentle  Ijeat  (Sandnllj  FhU,  Mag.  J,  12,  2J6;  also  /, 
r.  CA^tn,  14,254.)  Tliis  h  a  rerj  advaiitageoua  mode  of  prep aratioM. 
8(iUger,  Ann,  Pkarm.  29,  87,) 

Propertkx,  Black  powder,  of  specific  gravity  6  OGG;  brown-greeniteli' 
ej  wben  pounded.  (Berxc'liuit.)  Olive-greetL  {Gaj-Lussac.)  BhiUh- 
ack  or  sJate-<^rey.  (Sandall.)  When  hydrate  of  stauiious  oxide  is  boiled 
ritli  a  quantity  of  potash  not  sufficient  to  ditJ-solre  it,  the  undissolved 
&rtion  IS  converted  into  tmiill,  hard,  tliiniug,  blai-k  cry  a  lal  a  of  anhydrous 
stannic  oxide,  whicb,  wben  heated  to  200  ,  decrepitate,  swell  up,  and 
fall  to  pieces,  and  are  converted  into  the  olive -green  protoxide  like  that 
obtained  by  Gay-Lus^sac*  On  evaporating  a  very  dilute  solution  of  sal- 
ammoDiae  in  which  hydrated  protoxide  of  tin  is  diffused,  that  compound 
j«  converted,  as  soon  as  tbo  t^al- ammoniac  cr3'.stallii5e3,  into  the  anhydrous 
protoxide,  having  the  form  of  a  cinnabar-coloured  powder,  which,  by 
friction  with  a  hard  body,  is  immediately  converted  into  the  green isb- 
brown  binoxide.  There  are  therefore  three  modifications  of  tftunnou«  oxide: 
crystallized,  olive-green,  and  red,  (Fremy,  Compt,  remL  15,  1107;  also 
X  X  rharnK  3,  28.)— IT  Uoth  [Ami.  Pharm.  GO,  2T4)  obtains  the  red 
modification  by  thoroughly  wai*liing  tlie  white  iiydrate  of  stannous  oxide 
and  digesting  it  at  a  temperature  of  50°  with  a  Mdution  of  that  oxide  in 
acetic  acid,  the  acid  bein;(  slightly  in  excess  and  the  solutiou  having  a 
specific  gravity  of  1*0G.    The  stannons  oxide  is  then  converted  into  heavy, 

fnl,  crystalline  grains  wliich  yield  a  greenish-brown  powder  by  triturti- 
n ;    they  take  fire  when  heated,  and  soon  blacken  by  exposure  to  guu- 
ue.     With  chemical  re-agentcf,  they  behave  like  stannous  oxide.  IT 
Bcrzelius.       J.  Dnvy.      Gay-Lussac,    Proust. 

^    59     .«.     ^8  OG         .,..         88-028     ,...     88-01     ....     88106     ...,     87 

0...» ».,.>       8     ....     nu         ..         11972     ....     n-Sa     .,..     ll-894     .,,.     13 

SliO .,     67     ....  100*00  lOO'OOO     ...,  100*00    ....  100-000    ....  100      • 

(SnO  =  735-29+100  =  835*29.  BenEcliiw.) 

fJecmnpogitions.  Reduced  to  the  metallic  state,  by  charcoal  at  a  strong 
ted  heat;  by  potassium  at  a  moderate  Iieat,  and  with  combustiun»  By 
aulphur  it  is  converted  into  tulphide  of  tin,  with  eviduttun  of  sulphuroua 
mcid;  and  by  boiling  with  a  small  quantity  uf  pottLsh-ley,  into  nietalHc 
tin  aod  atannic  acid,  the  latter  dissolving  in  the  x»<^ta*^h, 

Ctmibinationn.  a.  With  Water — Hydratk  of  Stannous  Oxide. 
When  a  solution  of  protochloride  of  tiuis  mixed  with  excess  of  carbonate 
of  potash,  or  with  excess  of  ammonia,  the  hydnited  protoxide  is  pre- 
eipitated  in  the  form  of  a  brilliant  white  powder,  containing,  according  to 
proust,  5  per  cent,  of  wiiter,  which,  according  to  BcrzelJUK,  it  gives  up 
when  gently  heated,  or  even  when  boiled  with  water. ^— IF  According  to 
SelialTner^  the  precipitate  formed  by  amniynia  is  not  the  hydrate,  but  a 
liaeic  aalt.     The  composi^^ion  of  the  hydrate  is  2SnO,HO.  ^ 

b.  With  Acids,  forming  the  Salts  of  Stannous  OxtDE  or  Stannous 
Salts. — ProtosalU  of  Tin. — These  salts  are  obtained  by  dissolving 
toetallic  tin,  the  protoxide,  or  its  hydrate^ — ^which  h  niujc  easily  soluble 
^u  acids.  Most  of  them  are  either  colourh^^  or  yellowish,  redden 
litmus,  and  have  a  very  disagreeable  metallic  taste.  They  rapidly 
abstract  oxygen  from  the  air  and  other  oxygen  compounds,  and  arc 
thereby  converted  into  stannic  salts;  hence  they  give  a  purple  or  browu 


prccipUd^  with  chloride  of  ;BroM,  &c.  [For  a  more  detailed  diwmf  ftoti  «f 
thi^j  vid.  JProtochlorid^  of  2''in,'\     Tbose  wbich  oontaio  a   \  ]\ 

give  it  off  at  a  tlmI  heat,  and,  if  the  iiir  ha*  access  to  them*  at'  u-J 

into  -^tannic  oxitle.  AVith  carbonate  of  soda  upon  charrimJ  in  the  mnet 
blowpipe-flame,  they  yieUl  globules  of  uietnUic  tin. — ^Zin<*  and  cadmium 
iiumerstnl  in  tho  aqueous  solutions  of  these  salta  precipitate  thr  tin  in  ao 
arborescent  form:  lh€  l^utrce^  Arhor  JovU.  Acetnle  of  >iiitiTH.ii-  M\ii^ 
however,  is  not  reduced  by  tin  or  cadminm.     Iron  rodu  ai 

the  hydrochlorate  and  acietatc,  provided  tho  iron   is   m^  ., ■ 

water  in  whieh  iJi  likewise  immersed  a  bladder  containing  the  lin-> 
«o  that  the   Utter  may  mix  very  slowly  with  the  water  by   -  ' 
Iron  does  not  iirecijntale  tin   from   the  protochlorido  at  a  1^ 
Lead,  whon  tirs^t  immersed,  reduces  a  wnmll  <juantit.y  of  tin  in  ' 
iieutiUiis,   but   the  action  goou  ceases,  (Fischer,  Pot/tf,  0,  203;   1<» 
Hytlroguipburie  acid  ^aa  and  hydrosulphate  of  ammonia  f; 
brown   hydnitcd  protosulpbide   of  tin.     This  precipitat* 
kr;;o  excc'sd  of  hv*^  '^*'    i^f  ammonia — provided 

likewise  cotitaiuss  h-  ;  to  of  ammonia — and   18  yi 

(he  Bolutiou  by  acid»  iu  the  form  of  yellow  bisulphide  of  tin. 
— IIydroiul|»huric  acid  ^ive^  no  precipitate  iu  a  j^olulion  cour 
than*  1   part  of  liu  iu    120,00*1   prt^  of  water.  (Pffttr.)-^A 
I  pari  of  ery»lalliuMl  hydrochlorate  of  itanuuus  oxide  in  h      i 
water,  mixed  witb  1;»  i»artii  of  hydrochloric  acid  of  fipt^ific  gravity  rii>e, 
it  inimoit lately  preciintatod  by   hydrofeulphuric  acid;  wiili    '2~j   nan^  J 
hydrochloric  acid,  not  till  ivfter  ^omo  time;  with  40  part^ 
acid*  not  at  all,  but  immediately  on  adding  more  water  \ ..,  . 
Chrtfu    10,  1.12.) ~  Iodide  of  potar^si^ium  gives  a  yellowirjh-u  if 

precipitate,  which,  if  the  tin  and  iodine  are  in  prt»j»er  pruport4"ii  .»;  i  * 
•olution  duly  coneentmted,  is  aoun  converted  into  prottodi%lc  *^i  i  ' 
Amumuiaf  carUmatc  of  ammonia^  and  carbonate  of  potash  thmw  doim 
the  white  hydrate  of  stannous  oxide»  insoluble  in  exceh^  of  th<*MT  piv* 
cipitttut*  —  An  e\ 04*44  of  potash,  on  the  contrary,  rcMiiM»olve5  the  pr<^ 
ripitaled  hydrate,  forminir  fi  solution,  which  de|Mk«ita  mrtallic  tin  in  tJi« 
form  t»f  a  black  powder,  «h*wly  in  the  cold,  rapidly  when  heau*d.  fttnnnald 
of  potaih  bcinjyf  formed  and  remaining  in  fc^olutioo. — Hho9pliat<^  of  miiIi 
thrown  down  white  phos»phate  of  stannouji  oxidir — Oxnlic  acid  ihrowt 
down  wliite  oxalate  of  etannoua  oxide. — Croc«3natc  of  pofrt^b  g^ive*  •■ 
IMiyMM^ytdlow    pioeipttute   with  i^fjinnons  BulU, — ^U'  :d  and  dif 

Atkilllli^  hcuKoate*,   aecorilin;^  to   PfnfT.    irive    white  .to^   t««  IIm 

t<»tt  thousandth  de;'n'C  of  dilution.  e  of  "^'all     i  ■     ^i  , 

tlonii  not  eontjuniuK'  i*  *^'ry  sfreat   t  \  acid,  an  i*l»  ui  j  lurv/  t.r 

yi^How    flttke*  —  b'ern>ev»iiide   Mid   lerrirfaiitdt   of    pota^^ium    |>r 
wbiio  niiiliKi  ii.  ,   ^n'lihU*  in  hydrDehloric  aeid — SSiatmoajt  s&lts   ;i„,,_ 
ai*  ^otvc  in  hydrticKlonc  acid — ^proTided  thtsj  kitt 

Uvt  <'^ ^^.  .v*>M.-.  -.^.M  i.<4  in  s%l-«iiimg&iao. 
c  With  Potash  and  iMi^ 
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STANNIC  OXIDE.  71 

The  precipitate  is  frequently  mixed  with  h  jdrated  ferric  oxide.  (Berzclius.) 
The  hydrated  fei^ric  oxide,  even  when  recently  precipitated,  acts  much 
less  quickly  in  the  cold  than  at  a  boiling  heat;  the  dried  hydrate  requires 
contifiued  boiling;  finely  pounded  specular  iron  acts  but  very  imper- 
fectly at  a  boiling  heat.  Even  when  the  hydrochlorate  of  stannous  oxide 
contains  no  free  acid,  a  small  quautity  of  iron  is  dissolved  at  the  begin- 
niDg  of  the  action,  before  the  precipitation  of  the  sesquioxide  of  tin  takes 
place.  If  the  hydrated  ferric  oxide  be  briskly  boiled  with  excess  of 
stannous  hydrochlorate,  the  precipitate  which  forms  at  first  is  re-dissolved 
after  i^  while,  but  appears  again  on  the  addition  of  water;  under  these 
cifcumstances^  however,  the  sesquioxide  of  tin  is  contaminated  with 
bibasic  hydrochlorate  of  stannous  oxide. — Pulverized  Pyrolusite  acts  but 
very  slowly,  even  on  boiling;  but  if  the  liquid  be  boiled  down  nearly  to 
dryness^ — whereupon  a  large  quantity  of  hydrochloric  acid  is  evolved,  but 
np  chlorine — and  the  residue  dissolved  in  water,  sesqiiioxide  of  tin  sepa- 
rates from  the  solution,  mixed  with  pyrolusite.  (Fuchs.) — 2.  Hydro- 
cl^lorate  of  stannous  oxide  is  mixed  with  hydrochlorate  of  ferric  oxide^ 
and  as  soon  as  the  yellow-colour  of  the  mixture  has  changed  to  greenish^ 
the  hydrated  oxide  is  precipitated  from  it  by  adding  carbonate  of  lime  in 
e:[^cess,  and  applying  a  gentle  heat.  (Fuchs,  J,  pr,  Chem.  5,  318.) — 
3.  A  solution  of  hydrochlorate  of  stannous  oxide,  saturated  as  far  as 
possible  with  ammonia,  is  mixed  in  excess  with  the  dark  red  solution  of 
basic  hydrochlorate  of  ferric  oxide,— obtained  by  saturating  aqueous 
hydrochlorate  of  ferric  oxide  with  recently  precipitated  hydrate  of  ferric 
Qxide^  or  by  mixing  the  aqueous  solution  of  the  hydrochlorate  of  ferric 
oxide  with  as  much  ammonia  as  can  be  added  to  it  without  producing  a 
permanent*  precipitate — and  the  mixture  heated  to  60Mu  a  vessel  com- 
pletely tilled  with  it.  The  liquid,  which  is  dark  browu  at  first,  gradually 
loses  Its  colour,  and  the  hydrated  sesquioxide  of  tin  is  precipitated  free 
from  iron.  (Berzelius,  Fogg.  28,  443.) — White,  with  a  tinge  of  yellow. 
(Fachs.)  The  precipitate,  which  is  gummy  aud  difficult  to  wash,  dries 
up  to  a  mass  of  yellow,  translucent  granules.  The  hydrate  turns  black 
woea  ignited  out  of  contact  of  air.  It  dissolves  completely  in  ammonia, 
4pd  is  therefore  not  a  mere  mixture  of  staunic  and  stannous  oxides,  inas- 
H^ach  as  the  latter  is  insoluble  in  ammonia.  (Bcrzelius.) — [Probably, 
however,  it  is  a  salt— SnO,SnO^,  containing  the  soluble  modification  of 
stannic  acid.] 

b.  Anomalous  Stannate  of  Stannous  Oxide, — When  hydrated  stannic 
oxide,  obtained  by  treating  tin  with  nitric  acid,  is  digested  in  cold 
aqueous  hydrochlorate  of  stannous  oxide,  it  abstracts  the  whole  of  the 
stannous  oxide,  and  is  converted  into  an  orange-yellow  compound  of 
anomalous  stannic  acid  with  stannous  oxide.  (Frcmy,  N.  J.  Pharm.  1, 
344.)  According  to  Fremy's  statement,  the  composition  of  this  substance 
is  probably  SnO,3SnO'. 

B.  Stannic  Oxide.    Stannic  Acid,    SnO'. 

Binoxide  of  Tin,  Peroxide  of  Tin,  Zinnoxyd,  Zinmaure,  Deutoxyde 
d^Etain,  Oxyde  stannique,  Acide  stannique. — Found  native  in  the  form  of 
Tin-stone  and  Wood-tin. 

Formation.  Tin,  when  heated  in  the  air  to  its  boiling  point,  bums 
with  a  bright  white  flame,  and  is  converted  into  stannic  oxide:  Flowers 
of  Tin,  Zinnblumen,  Flores  Stanni  s.  Jovis.     When  fused  in  the  air,  it 
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iiecomes  cOTered  with  a  grey  film,  and  is  converted  into  a  grey  mixliu* 
of  motaliic  tin  and  stunnic  oxide— T'lVi-a^A^-wlncb,  by  longer  igmtion,  ia 
converted  into  pure  stannic  oxide. — Tin  imuierscd  in  water  containing 
y^-^  part  of  potash,  becomes  dull,  and  imparts  a  smalt  quantity  of  stannte 
oxide  to  tlie  liquid,  (A.  Vogel,  J.  pr\  Chem,  14,  lOT.) — 2.  Stannic  oxide 
is  formcil  in  tlie  decomposition  of  aqueous  vapour  by  rcsd-bot  tin,  (Gsy- 
Luesae,  HegnaulL)— 3.  By  nitric  acid  tin  is  converted  rapidly,  and  witli 
violent  evulutiou  of  beat^  into  Iiydrated  gtanntc  acid,  nitrate  of  ammonm 
beini,'  at  tbe  same  time  produced,  Proust  states  that  tbe  oxidaiioa 
of  meh*:d  tin  by  fuming'  nitric  ncid  produces  exploaion  — 4,  With  Iiealod 
oil  of  vitriol  tin  prudnees  t^ulpburous^  acid  and  stannic  sulpbale. — 5.  Tb« 
deflagration  of  tin  with  nitre  produces  ^tannate  i>f  potash. — 6.  When  tiA 
is  heated  with  mercnric  oxide,  stannic  oxide  and  metallic  lucrcniy  aw 
formed. — 7,  Staniiouii  oxide  remains  uoult4>rcd  in  dry  air  at  orainary 
temperatures  J  in  damp  air,  it  U  converted,  in  the  course  of  a  year>  int4) 
fitaonic  oxide.  (Proust)  When  heated  in  the  air,  or  when  merrly 
touched  by  a  spark  from  the  flint  and  stcol,  it  burns  like  tinder^  wilk 
great  rapidity,  and  produces  a  small  qiniutity  of  white  smoke.  HydrateJ 
stannous  oxtde  likewise  burns  in  the  tlame  nf  a  candle,  but  letsi*  rapidly. 
(Berzelius,) — Hyd  rated  stannous  oxide  placed  in  eon  tact  with  caruooato 
of  copper  under  water,  liberates  carbonic  acid  and  forms  a  mixtuie  of 
atannic  oxide  and  crj'^stalline  lamiiim  of  copper,  (Proust.) 

Prtpai^ion.  1.  By  rapid  or  alow  combustion  of  tin, —  2,  By  prwi* 
pitating  the  hydrate  from  bydrocblorate  of  stannic  oxide  by  mcaofl  of 
ammonia  or  carbonate  of  potash,  and  then  washing  and  igniting^. — 
3.  By  oxidating  tin  w  ith  nitric  acid  and  igniting  the  hydrate  after  wiiJt* 
ing. — 4.  By  beating  1  part  of  tin-tilings  in  a  retort  with  4  parts  of  met* 
curie  oxide.  (BerzcHus.) 

Propei'tm,  Tin-stone  belongs  to  the  square  prismatic  sy> 
21,  29,  30,  and  other  forms,  <r :<?'=  133^  36' 18";  r:<r  =»;:  . 
Cleavage  parallel  to  c  (liauy.) — ^Speci6c  gravity  6*639  (Hcr^ijatUj. 
6*f)0*  (Mobs.)  Harder  than  felspar;  tmus parent,  brownish-yellow.  O/tca 
coloured  black  by  ferric  and  maagauic  oxide. — The  oxide  prvpsfihl  by 
method  (I)  is  white;  all  the  other  artificial  varieties  are  6»tiuw*yeUoir 
powders  which  redden  litniui;,  and,  when  heated,  acquire  a  tfi^n^iefit 
orange-yellow  and  brown  tint,  Si)ecific  gravity  of  the  artiticiml  oxide— 
600  (Boullay);  of  that  [»repared  by  (3),  6'64  (Ber«elius),  Stanoic  oxid^ 
ID  all  ita  forms  ia  very  refractory,  and  not  volalile, 
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DecompofiiitynM,  By  potaB«tutu  and  sodium  witli  tiio  mid  cif  C^^ 
he«t|  feitannic  oxidu  ja  reduced  to  tho  metallic  stalc»  the  re«lurtion  lieing 
attended  Dvith  incaudeaconce. — It  ia  alio  reduced  to  tho  metallic  ilalt  hy 


charcoal  at  a  strong  red  beat  (also  before  tlie  blowpipe  on  cliarcoal,  if 
carbonate  of  eoda  be  added  atid  tbc  flaine  strongly  urged);  likewise  by 
carbonic  oxide  |^as  (De^spreta:,  Ann.  Uhim,  PhyK  43,222;  Lcpbiy  & 
Laurent,  Ann.  Chim,  Phys,  U5,  404;  Gmelin);  also  by  a  inixtare  of  ci]ual 

ITolumes  of  carbonic  oxido  and  carbonic  acid  ^i^i^Qs  (Lephiy  &  Laurent); 
— by  tho  oxy-bydrogen  blowpipe  (Clark,  Pfaff),  and  by  a  current  of 
hydrogen  gas  at  the  temperature  at  which  tin  deconipos^ea  water 
(Despretz); — ^casily  at  a  low  red  heat  by  cyanide  of  pota«siuni»  which  ia 
thereby  converted  into  cyanate  of  potash*  (Liebig.) — By  snlpbnr  it  is 
converted  Into  bisulphide  of  tin,  with  evolution  of  sulphurous  acid* 
Cornhinations,  Stannic  acid  exists— as  discovered  by  Berzelius — in 
two  isomeric  states,  and,  accordingly,  forma  two  scries  of  compounds  with 
.^gp^t^r,  acids,  and  bases.  The  hyilrute  oljtaiued  by  the  action  of  nitric 
"acitl  upon  tin  contains  the  acid  aSnO%  which  comtines  with  the  fiinallcr 
quantity  of  base,  and  is,  therefore,  analogous  to  metaphoifphoric  acid  : — 
h.  The  hydrate  obtained  by  precipitating  bichlorido  of  tin  with  an  alka- 
line carbonate  contains  the  acid  ^SnO"^,  which  saturates  tlireo  times  as 
much  bate  aa  the  former,  and  is,  therefore,  analogous  to  i^rdluary  phos- 
pboric  acid. — Berzelius  calls  tho  former  of  theae  moditicatiouB,  Ojci/duni 
gfannkum^  and  tlje  latter  Oxi/dum  parastanincian;  Freniy  distinguishes 
the  former  as  Acide  dannique,  and  the  latter  as  Acide  mektAtanniqttf.  It 
would,  however,  be  better  to  reverj>e  these  dcuominatious,  50  as  to  umko 
tbem  agree  w^ith  tho.^e  of  the  modifications  of  phosphoric  acid,*— For  tho 
present,  tho  acid  obtained  by  the  action  of  nitric  acid  upon  the  metal 
may  be  di!?tinguished  by  the  epithet  Anomalous. — ^j  H.  Kose  is  of  opinion 
that  there  exist  other  modifications  of  j?tannic  oxitle  besides  those  distin- 
guished by  Berzeliu8:  in  particular,  he  mentions  Tin-^ioiif,  and  the  ignited 
oxide,  with  which  the  pro*luet  olitained  by  heating  Ktannic  oxide  to  red- 
ness with  alkaline  carbonates,  m  proliably  idLUticah  Hose  is  moreover 
inelinc'd  to  regard  the  ilitFerence  bct^veen  the  oxides  a  and  b  as  clue,  not 
to  any  difference  of  tsaturatiug  powxr  which  they  mfky  possess  as  acids, 
but  to  some  other  cau^e,  {Pog<j.  75,  1.)  ^ 

a.  With  Water.  — «.  Anomalous  Hydrate  of  Stannic  Actd,^— 
Fonned  by  comidetely  oxidizing  tin  with  moderately  strong  nitric  acid, 
Aod  washing  the  resulting  white  powder  with  water,  till  the  li<|uid  which 
roDs  through  no  longer  reddens  litniu!>-papcr. — It  its  a  white  powder, 
which  has  a  density  of  41)33,  and  reddens  litmus,  even  when  thoroughly 
washed,  although  when  ignited,  it  gives  otF  nothing  but  pure  water, 
without  any  nitric  acid  or  nitrtigen  gas,  (Berzelius.) — ^Tlic  hydrate  dries 
up  at  55^,  in  the  form  of  coluurless,  translucent,  friable  lunjps,  having  a 
conchoidal  fracture.  Wben  dried  at  ordinary  teniperaturc.^,  it  is  white 
and  opaque,  with  a  silky  lustre,  and  contaius  twice  as  njuch  ^\  ater  as 
ivhen  dried  at  the  higher  temperature,  (Thouison,  Ann,  Phil.  10.  HO.) 
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%  Accordingr  to  Fremy  (iV^.  Ann.  Chinu  Phys.  23,  303),  the  anomalous 
hydrate  of  stannic  acid  [hy<lrate  of  nictastanuic  acid]  dried  at  ordinary 
temperatures  in  air  free  from  moisture,  consists  of  Sn''0'^-Hlt>HO;  when 

*  In  Fremy'i  later  mcmoipi  (e.g.  <V.  Ann   Chim*  Phyt,  23,  393)  tlds  change  \a 
tctnally  made. 
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dtiod  in  Tftcuo;  it  contaiDs  SdH)^-|-5H0;  wken  kept  for  ae^i^Ta]  luturs 
130°,  it  in   rcdoced  to  Sn*0^*4-4HO;  and  at  160   if  d'  an    ' 

atom  of  wat^r  and  becomes  Sn*0**H-3H0.     The  mo?t  ^!  of  li 

bjdrates  U  that  whicli  containa  5 HO,     FThe  r 
itifi  hydrate  is  the  same  as  that  of  the  ordioarj  i  _ 
dried  m  vacuo,  SnO^HO.]    (Comp,  Schaffner,  Ann.  Iharm*  56,   ITl 
Oo  di.^^olvinL'  iiny  of  the  above-mentioned   bjdmtes  Id  caa^tic  |i 
and  pn  .   by  an  acid,  a  precipitate  of  st^mnic  acid  { 

add)  u  L,  „.-... -i,  inboluhle  in  nitric  acid,  bat  §olable  in  Annnnn 

^*  O/'dinary  H^draU  of  Stannic  Acid,     I.  By  p  j-* 

chlorate  of  stannic  oxide  with   carbonate  of  Hme,  nr>i   iu  »:x^-  * 

washed  precipitate  reddens  litmus.  (Frem^*,  S^,  J.  Pharm~  1,  j 

Po0g.  55j  519).     If  carbonate  of  fiotasih  15  u&ed  ns  the  -        '   '^ 
of  carbonate  of  lime,   the  precipitate  obtuined   coti> 
potash^  which,  under  these  circumstances,  is  inviolable  lu  watei. 
— 2.  By  precipitating  with  a  caustic  alkali   and    washing   tl 
The  gelatinous  precipitate  resembles  pieces  of  glti^   when   di 
dena  moistened  lltmus-paperj  and  is  si ig^htly  soluble  in  water   (t-  f 

— The  ordinary  h^'drate  of  stannic  acid  contains  mure  water  ibau  the 
anomalous  hydrate,  and,  when  boiled  in  water,  or  dmd  for  «ome  lime  in 
vacuo  over  oil  of  vitriol  at  ordinary  temperatures,  give3  oiT  watefi  and 
is  converted  into  the  anomaloua  hydrate,  (Graham,  Jj?h,  Pkarm,  IB, 
146.)  According  to  Fremy,  also,  this  hydrate  contain*  more  water  than 
tbe  anomalous  hydrate,  antl  is  converted  into  the  latter  by  drying  at  ^^ 
atTong  heat.  [Fremy©  later  results  have  already  been  given,  n<f.  #«ji.]  ^^M 

b.  With  Acids,  forming  the  Salts  op  Stannic  Oxidb,  or  St4!<iaftic 
Balth. — The  native  oxide,  and  likewise  the  artificial  oxide  after  iguiti^ 
are  quit«  incapable  of  combining  with  acids.  By  ignriion  wilt  ex«ai» 
of  caustic  or  oirbouaied  potash  or  aoda^  tho  uxidc  id  readcr<»d  aolubk  ia 
acids. 

ft.  Anomalous  Sinn nic  SalU. — The  anomalous  bydr  '  *"  *  ^  n^J 
does  not  dissolve  in  acids^  but  takes  up  some  of  tbeuj.  -  aad 

hydrochloric  acid,  in  small  quantity,      Wlieu  the  i  thuif  lumied 

with  Bulphurie  acid  is  digested  in  water,  after  the  :icid  hat  beta 

rt^moved  by  decautation,  it  gives  up  to  the  wii/r  ;  ;      i   id  which  it  ha* 
taken  up;  ihe  hydrochloric  acid  compound  ds--4v.     m  \vutur,  but  ti  pnh 
eipitatod  from  the  solution  by  acid^.  (Bereelius.)     [^i^l*  Anomudou^  Hf* 
dr0€khraU  of  ^t-annic  QjtiJr,] — IT   The  solutions  obtained  in  tbe  umtom 
Ju#t  described  are  decomposed  by  boiling,  the  utaiinic  oxide  b«tn^ 
plotely  fireotpitatod,  and  the  Tuore  quickly  in  proportiou  as  iho  qm 
of  free  acid  in  the  (Solution  is  less. — Caustic  potash  or  soda  addw  t# 
solution  throws  down   a  white  precipilaio  of  the  hydmt^id  axid#, 
in  a  moderate  excess  of  the  re- agent,  but  ro*preci  pita  ted  on  tlie 
of  a  hirgier  quantity.     The   precipitate  thus  formed  disap|»ears  orf 
addition  of  \v:itr*r;  according  to  Weber,  it  contains,  when  dried  at  100 
KO,&u'0'*-f  alio.— Ammonia    gives  a   white    preeipitato   insoliiye  ii 
excew;  the  addition  of  tartaric  acid  dc»ca  not  prevent  the  precipitatioa. 
-—Carbonate  of  potash  aUo  gives  a  white  prt*cipitate»  ia^olublc  i     ^ 
—A  Boliiiion  of  </SijO*,  in  the  smallest  possible  quantity  of  h\ 
acid,  gives  no  precipitate  with  pho><phoric  acitl,  but  a  copi^ 
6tpitalei  in  the  ctititu**  of  1*2  hours,  with  arsenic  acid. — Ni^ 
jrivea  a  V  from  which  ammonia  difisolvei  out  cUUir. 

[iilrer  ax.  of  staonic  oxide. — Tincture  of  gaJU 
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after  a  few  honrsj  a  whitish -yellow  precipitate. — Sulphuric  acid,  added 
to  a  solution  of  aSnO'  in  hydrochloric  acid — even  if  the  hydrochloric 
acid  isii  in  considerable  excess — produces  a  copious  precipitate,  consii)tinff 
of  stannic  oxide  and  sulphuric  acid,  the  latter  of  which  may  be  extracted 
by  water.  The  precipitate,  if  heated  with  hydrochlorate  or  nitric  acid, 
dissolves  on  the  addition  of  water.  The  solution^  when  left  to  itself  for 
a  while,  deposits  a  copious  precipitate.  IF 

/3.  Ordinary/  Stannic  Sails.  These  salts  are  obtained  :  1.  By  exposing 
stannous  salts  to  the  air,  or  treating  them  with  chlorine,  or  heating  them 
with  nitric  acid^  care  being  taken  not  to  use  too  much.  Since  1  atom  of 
stannous  oxide  requires  but  1  atom  of  acid  to  form  a  normal  salt^ 
whereas  1  atom  of  stannic  oxide  requires  2  atoms  of  acid  (II.  6),  it  follows 
that  if  a  normal  stannous  salt  is  to  be  converted  into  a  normal  stannic 
salt  by  the  action  of  the  air  or  of  nitric  acid,  it  must  first  be  mixed  with 
a  quantity  of  acid  equal  to  that  which  it  already  contains ;  in  default  of 
the  requisite  quantity  of  acid,  a  precipitate  is  formed  during  the  oxidation^ 
consisting  either  of  hydra  ted  stannic  oxide  or  of  a  basic  salt. — 2.  By 
dissolving  the  ordinary  hydrate  of  stannic  oxide  in  acids. — 3.  When  any 
specimen  of  stannic  oxide,  natural  or  artificial — previously  ignited  with 
potash^  and  thereby  rendered  soluble — is  treated  with  acids  [a  potash- 
salt  is,  however,  formed  at  the  same  time]. — Stannic  salts  are  colourless 
or  yellowish.  Those  which  are  soluble  in  water  redden  litmus  strongly, 
and  have  a  sour,  metallic,  and  styptic  taste.  Those  which  contain  a 
volatile  acid  readily  give  it  oif  when  ignited.  Before  the  blowpipe  they 
behave  like  stannous  salts.  When  boiled  with  nitric  acid,  they  deposit 
the  anomalous  hydrate  of  stannic  oxide,  or  a  salt  of  that  base.  According 
to  H.  Rose,  the  same  ret^ult  is  produced  on  boiling  a  solution  largely 
diluted  with  water. — Zinc  and  cadmium  immersed  in  solutions  of  stannic 
salts,  precipitate  the  tin  in  the  dendritic  form.  Iron  precipitates  the 
tin  only  under  the  circumstances  mentioned  under  the  head  of  stannous 
salts;  lead  ceases  to  act  as  soon  as  it  becomes  covered  with  a  coating  of 
metallic  tin.  (Fischer.) — Hydrosulphuric  acid  throws  down  from  these 
solutions,  even  when  they  contain  excess  of  acid,  a  yellow  precipitate  of 
hydrated  bisulphide  of  tin  :  the  precipitate  is  formed  immediately  on 
boiling ;  but  at  ordinary  temperatures,  and  in  dilute  solutions,  it  takes 
some  time  to  form.  The  same  precipitate  is  formed  by  hydrosulphate  of 
ammonia.  It  is  soluble  in  hydrosulphate  of  ammonia,  caustic  ammonia, 
caustic  potash,  and  carbonate  of  potash ;  the  solution  in  caustic  potash  or 
carbonate  of  potash  deposits  hydrated  stannic  oxide  after  a  while. 
(H.  Rose.) — Ammonia  throws  down  a  white  bulky  hydrate,  which  dissolves, 
with  some  turbidity,  in  a  very  large  excess  of  ammonia;  the  solution 
becomes  clear  after  standing  for  some  time,  but  subsequently  deposits  a 
copious  precipitate.  (Rose.)  The  precipitate  dissolves  readily  if  the 
solution  of  the  tin-salt  is  dilute — imperfectly,  if  it  is  concentrated.  (6m.) 
Tartaric  acid  prevents  the  precipitation  by  ammonia.  (H.  Rose.) — Potash 
throws  down  a  white  bulky  hydrate  [containing  potash  ?],  easily  soluble 
in  a  slight  excess  of  the  alkali. — Monocarbonate  of  potash  precipitates 
the  hydrate  [stannate  of  potash,  according  to  FremyJ  with  some  degree 
of  effervescence;  the  precipitate  dissolves  in  excess  of  the  re-ageut,  but 
separates  again  completely  after  standing  for  a  while.  The  hydrate  pre- 
cipitated by  sesquicarbonate  of  ammonia  and  bicarbonate  of  potash  does 
not  dissolve  in  excess  of  those  re-agents.  (H.  Rose.) — Carbonate  of  baryta, 
strontia^  linno,  and  ma^esia  precipitate  the  salts  of  stannic  oxide,  even 
in  the  cold  (Demar9ay) ;  the  hydrate  thereby  precipitated  is  free  from 
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alkali.  (Frejiiy.)  Pbospliate  of  soda  tlimwa  down  white  phosphate  of 
stannic  oxide.  ?.  Wlien  pbo^pharic  acid  (ctPO*)  is  mixed  with  hydro- 
chlonite  of  stannic  oxido,  the  mixture  solidifie^j  in  the  course  of  a  few 
day«,  to  11  colourless  jelly  :  arsenions  acid  gives,  after  a  while,  a  somo* 
what  copious  precipitate.  1, — Tincture  of  galls  shows  no  action  at  fi^st^J 
hut  the  mixture,  after  a  while,  solidities  in  a  gelatinous  mass.  (H.  Kose.) 
Succinate  of  ammonia  precipitates  stannic  ealt3  completely,  (Gahn  & 
Berzclius.) — Ferrocyanide  of  potaeaium  produces  a  white  turbidity  after 
eouic  time;  stibse<|ueutly  the  mixture  solidtfies  to  a  stiif  jelly,  insoluble 
in  hydrochloric  acid  ;  the  greater  the  dofjree  of  dilution,  the  more  slowly 
does  the  s^oliditicniion  take  place.  (H.  Ro.^e.)  When  hydrocldorate  of 
stannic  oxide  is  boiled  with  acetate  of  soda  or  formiatc  of  jmtaijh,  a  pn:- 
cipitate  is  formed,  which  re  di,s>olves  ou  cooling,  or  when  wii.*jliod  with 
cold  water.  (Ltehig,) — Phoaphurettcd  hydrogen  gas  gives  no  precipitate 
with  hydrocldorato  of  ntaniiic  oxidt^  but  colours  it  yellow.  (H.  Row,) 
Iodide  of  potassium,  chloride  of  gold,  oxalic  acid,  t^ulphuric,  nitric,  hydro- 
chloric, and  arsenic  acid,  iind  ferrocyanide  of  pota>w*iuni,  give  no  prcci- 
cipitate.  ^.  If  thci^olution  lie  very  largely  diluted  with  water,  sulphuric 
acid  protlucc3  a  Siligbt  precipitate,  which,  however,  h  soluble  in  hydro- 
chloric acid.  Nitrate  of  fjilver  in  excesi^  gives  a  precipitate  perfectly 
soluble  in  ammonia.  H, — ^Those  stannic  snhs  which  are  ifusoluble  in  water, 
dififiolve — proviiled  they  have  not  been  ignited — in  hydrochloric  acid,  but 
not  in  sal-ammoniac. 

c.  With  Salifiable  Base.^,  fornnng  ^alta  called  St  ANN  axes, 
dt.  Anomahma  Stanvnt^s,  By  disjsolving  the  anomalous  hydrate  in 
-|M|ucou8  alkatij^.  These  salts  are  compo.«ed  of  3  At  stannic  acid,  with 
"1  At.  metallic  oxide, :r^M0,3SnO",  ami  contain  water  a«  an  essential  con- 
Htftuent,  by  virtue  of  which  the  stannic  oxiile  ac<|uires  the  character  of  jiu 
acid;  hence,  when  the  ealts  are  heated,  the  stannic  oxide  is  separatctl  in 
the  anhydrouB  Btat«.  By  ignition  with  an  alkali,  the  anomalous  etannates 
aro  converted  into  ordinary  ^tannates*.  (Fremy.)  Acids  added  to  the 
solution  of  the  hydrate  in  auueoua  caustic  alkalis?,  or  alkali  no  carbonates^ 
precipitate  the  hydrate  in  toe  anomalous  *tate ;  con^^equently,  the  preci- 
pitate U  not  ^olutle  in  excess  of  the  acid.   (Bcrzelius.) 

^.  OtxUnary  Sinnnatfs.  L  By  di^i^olvin^  the  ordinary  hydrate  of 
utiiUnic  acid  in  aqueout*  alkalib. — 2.  By  fusing  the  unhydroui  arid,  or 
either  of  its  hydraiej*,  in  a  silver  crucible,  with  cauiitic  potash  or  csar- 
honate  of  potash.— 5,  The  stan  nates  of  tlie  earthy  alkalis^  cart  lis  and 
heavy  metallic  oxides,  are  obtained  by  precijdtatiug  the  soluble  &i\\u  of 
those  bases  with  the^tannate  of  pota-sh  obtainetl  by  citlicrof  the  preceding 
methods.  (Herzelius.)  The  ordinary  fiianuatcH  contain  at  moat  I  atom  of 
base  to  I  atom  of  iw!id,^MO,SnO^  (Moberg,  Ber:.  Jtthir$hft\  22*  H2; 
ako  J.  pr,  Chan,  28,  230;  Frotny.)  The  stannutcs  of  the  fixed  alkaliKy 
if  they  do  not  coutain  t^xcom  of  alkali,  are  resolved,  by  iguitioni  ioto 
anhydrous  stannic  acrd^  and  a  com|Hjynd  of  a  Fmull  quantity  q(  «tanaie 
aciti  with  tbo  whole  of  the  alkali*  Acids— even  carbon io  acid-^ecom- 
pojio  thrm,  throwing  down  the  ordinary  hydrate  uf  Htmuiio  mciiL 
(Bcrzcliun.) 

According  to  Kaitner  {Katt,  Arch.  19,  423)  there  exists  a  StanmuHird  Ugdrvfm 

Ctrbonic  wid  does  not  comhine  with  either  of  the  oiidet  of  dn.  (Berj^An,  rnm»t.) 
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Tin  and  Boron. 


Borate  op  Stannous  Oxide. — Borax  forms  with  hydroclilorate  of 
stannons  oxide,  a  white  precipitate  which  fuses  to  a  grey  slag.  (Wenzel.) 

Tin  and  Phosphorus. 

A.  Phosphide  of  Tin. — a.  Formed  by  throwing  phosphorus  upon 
melted  tin,  or  by  fusing  together  equal  parts  of  tin  and  glacial  phosphoric 
acid,  whereby  phosphate  of  stannic  or  stannous  oxide  is  likewise  formed. 
(Pelletier,  Landgrebe,  Schw,  55,  106.)  The  compound  may  also  be  formed 
by  heating  in  a  blast-furnace  for  an  hour  :  6  parts  of  tin-filings  or  8  of 
stannic  oxide  with  1  charcoal,  10  boue-ash,  5  pounded  quartz,  and  5 
boracic  acid.  (Berthier,  jinn,  Chim,  Phys,  33,  180.)  Silwr-white  (lead- 
colonred  :  Berthier),  May  be  cut  with  the  knife ;  extends  under  the 
hammer,  but  at  the  same  time  splits  into  laminae.  Contains  from  13  to 
1 4  per  cent,  of  phosphorus,  which  bums  away  on  the  application  of  heat. 
(Pelletier.)  h.  When  the  compound  of  bichloride  of  tin  with  phosphn- 
retted  hydrogen  is  decomposed  by  water,  the  phosphuretted  hydrogen,  as 
it  escapes,  reduces  the  bichloride  of  tin  to  the  state  of  protochloride, 
and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of  a  yellow 
powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxi- 
dizes readily  in  the  air.  When  washed  and  dried  out  of  contact  of  air, 
it  exhibits  the  phosphorus  flame  before  the  blowpipe.  When  ignited  in 
hydrogen  gas,  it  gives  up  its  phosphorus,  amounting  to  55*43 — 56*88 
per  cent.,  and  is  converted  into  metallic  tin.  (H.  Rose,  Pogg.  24,  326.) 

B.  Phosphite  of  Stannous  Oxide,  or  Stannous  Phosphite. — Hy- 
drochlorate  of  stannous  oxide  is  precipitated  by  phosphite  of  ammonia,  and 
the  white  precipitate  washed  till  the  wash-water,  after  boiling  with 
nitric  acid,  no  longer  gives  a  turbidity  with  solution  of  silver.  The  salt, 
when  heated  in  a  retort,  blackens  without  tumefaction,  fuses  without 
glowing,  gives  ofl*  hydrogen  rich  in  phosphorus,  and  yields  a  sublimate  of 
phosphorus.  It  is  readily  oxidized,  with  formation  of  a  jelly,  by  warm 
nitric  acid,  and,  on  subsequent  evaporation  and  ignition,  yields  109*54 
per  cent,  of  stannic  phosphate,  containing  74*16  stannic  oxide  and  35*38 
phosphoric  acid.  Its  solution  in  hydrochloric  acid  exerts  a  powerful 
reducing  action  on  several  metals.  (H.  Rose,  Pogg,  9,  45.) 


H.  Rose. 

2SnO 

134-0 

..       67*54 

66*24 

P03 

55*4       .. 

27*92 

27*44 

HO 

90 

4-54 

6*32 

2SnO,PO»  +  Aq 198*4       ....     10000        100*00 

In  consequence  of  the  difficulty  of  drying  the  salt,  the  analysis  gave  too 
much  water.  (H,  Rose.) 

C.  Phosphite  op  Stannic  Oxide,  or  Stannic  Phosphite. — The 
aqueous  solution  of  bichloride  of  tin  gives,  with  phosphite  of  ammonia,  a 
white  precipitate  which  dries  up  to  a  glassy,  brittle  mass.  This,  when 
heated,  gives  off  merely  water,  without  any  gas,  because  the  binoxide  of 
tin  is  converted  into  protoxide:  hence  the  residue  is  soluble  in  hydrochloric 
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B.  SESQutsutPBtBE  OP  TiN. — By  gently  igniting  an  intimate  mixture 
of  3  parts  of  stannous  dulphide  and  1  part  of  sulphur  in  a  retort.  100 
parts  of  stannous  sulphide  ihiid  trieated  take  up  10*5  parts  of  sulphur. — 
Greyish-yellow,  with  metallic  lustre. — When  strongly  ignited  in  a  close 
ressel,  it  gives  off  one-third  of  its  sulphur. — With  potash-ley  it  yields  a 
solution  of  sulphostannate  of  potassium  and  stannate  of  potash,  and  a 
residue  of  protosulphide  of  tin.  Concentrated  hydrochloric  acid  converts 
it  into  bisulphide  of  tin,  leaving  ^  [^  ?]  of  the  tin  in  the  form  of  protoxide. 


2Sn    

3S      

118 
48 

...       71-08 
...       28-92 

Berzelius, 
71 
29 

Sn»S3     

166       . 

...     100-00 

100 

Sydrated  SesquUulphide  of  Tin, — Separates  in  the  form  of  a  liverr 
coloured  powder  on  digesting  a  saturated  solution  of  sulphostannate  of 
potassium  with  bisulphide  of  tin.  By  digestion  with  caustic  potash  it  is 
converted  into  black  protosulphide.  (Berzelius.) 

C.  Bisulphide  op  Tin. — Stannic  Sulphide. — StrLPHosTANNicAcib. 
'^^Mosaic  Gold,  Aurum  mosaicum  8.  musivum, — Comp,  Woulfe  (Crdl.  Ghent, 
J.  i,  149);  Bullion  {GrelL  Ann.  1793,  1,  89);  Pelletier  {GrelL  Ann. 
1797,  1,  46);  Proust  (iV^.  Gekl.  1,  250). 

Formation.  1.  By  heating  sulphur  with  protochloride  or  ammonio- 
protochloride  of  tin,  whereupon  one-half  of  the  tin  combines  with  the 
salpbur,  and  bichloride  of  tin  or  chlorostannate  of  ammonium  volatilizes.— 
In  the  preparation  of  mosaic  gold  from  tin,  sal-ammoniac,  and  sulphur, 
iho  reaction  appears  to  pass  through  the  two  following  stages:  First, 
there  is  formed,  with  evolution  of  hydrogen  gas  and  ammonia,  a  com- 
poand  of  protochloride  of  tin  with  sal-ammoniac  {chlorostannile  of  ammo^ 
nium): 

2Sn  +  4(NIP,  HCl)  =  2(NH3HC1  +  SnCl)  +  2H  +  2NH3. 

Afterwards,  when  the  temperature  rises  higher,  the  sulphur  abstracts 
half  the  tin,  while  a  compound  bichloride  of  tin  with  sal-ammoniac 
{dihrostannaie  of  ammonium)  sublimes,  together  with  free  sal-ammoniac. 

2(NH8,  HCl  +  SnCl)  +  28  =  SnS^  +  (NH^HCl  +  SnCl-)  +  NH',  IICl. 

If  amalgam  of  tin  is  usi&d,  cinnabar  likewise  sublimes. — 2.  By  heating 
protoxide  [in  which  case,  according  to  Proust,  incandescence  is  producedj 
or  binoxide  of  tin  with  silver. — 3.  When  protosulphide  of  tin  is  heated 
with  cinnabar,  whereupon  mercury  is  set  free  (Pelletier)  [This  modo  of 
formation  is  denied  hj  Proust];  —  or  with  corrosive  sublimate — whereby 
bichloride  of  tin  and  cinnabar  are  produced  at  the  same  time  (Woulfe); 
— or  with  sal-ammoniac  and  sulphur. — 4.  By  heating  hydrated  proto- 
sulphide of  tin. 

Preparation,  a.  Protochloride  of  tin  and  sulphur  (Proust); — h.  Equal 
parts  of  sifted  tin-filings,  sulphur,  and  sal-ammoniac  (Pelletier)  [Gives  a 
less  beautiful  preparation  than  e  (Woulfe)]; — C.  4  parts  of  tin-filings,  3  sulphur, 
2  sal-ammoniac  (Woulfe);— -<]^.  A  pulverized  amalgam  of  2  parts  tin  and 
2  mercury,  with  1^-  sulphur  and  I  sal-ammoniac  (Thenard); — e.  A 
pulverized  amalgam  of  12  parts  tin  and  6  mercury,  with  7  sulphur  and 
6  sal-ammoniac  [whereby  \\  pt.  volatile  liver  of  sulphur,  13^  sublimed  matter,  and 
16  parts  of  fine,  and  for  the  most  part  sublimed,  mosaic  gold  are  obtained]  (Woulfe). 
— /.  A  pulverized  amalgam  of  12  parts  tin  and  3  mercury  with  7  sulphur 
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and  3  sal-ammoniac; — ^.  2  parU  stannoas  oxide  and  1  sulphur  fProoirt) 
[yirlds  2'4  itio«iaic  ^old]i — h.  8  parts  Stannic  oxide,  7  snlpliur,  aud  I  nl- 
ammtmiac  (Woulfe); — i,  10  parU  protosulpliide  of  tin,  5  salphur,  ajiil 
4  eaUammotiiac  (Woulfe); — 1\  5  parts  protosulpbido  of  tin,  1  pr^ito- 
cHoride,  and  2  sulphur  (Woulfe);—/.  5  parts  protosnlpbide  of  t;n  and 
8  corrosive  sublimate  (Woulfo)  [giTw  a  Tcry  beautiful  preparation] ; — m.  Hjr- 
drated  bisulphide  of  tin  [obtained  by  deflagrating  tin  with  nitre,  dusoJiinf  i^ 
tttnnnic  oxid?  in  hjdroclLlQric  uidf  and  precipitating  with  aolotion  of  LtTcr  of  caJplsiir] 
(Van  Mons). 

Either  of  these  miittures  or  compounds  is  heated  iu  a  retort  or  a 
loosely-closed  flask  placed  in  the  sand-bath,  or  in  an  inverted  Pasio 
crucible,  having  its  month  closed  with  a  tile  and  it^  npturoed  \Kk$e 
perforated  with  an  aperture,  which  is  covered  with  aludels,  (Woulfe.) 
A  gentle  heat  is  first  applied  for  some  hours;  afterwards  the  heat  U 
ruiscfl,  hut  not  quite  to  redness.^ — The  greater  part  of  the  mosaic  >fohl  ii 
found  at  the  bottom  of  the  vessel — the  smaller,  but  purer  and  Cnfr 
portion,  sublime  a. 

Propcrtifs, — Gold-coloured,  translucent,  delicate  scales  or  six-sidfd 
lamin«!»  unctuous  to  the  touch.  Specific  gravity  4*425  (P.  BoalUr); 
4,600  (Karsten). 

J.  Daw.  B^ndiof. 
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DfCompoiUiom,  By  ignition  it  is  resolved  into  sulphur  and  proto* 
sulphide  of  tin,  a  portion  of  the  bisulphide,  however,  subliming  at  tho 
same  time  in  a  very  beautiful  form.  If  the  action  of  the  heat  ha*  not 
been  long  continued,  protosulphide  of  tin  13  found  at  the  bottom,  sbove 
it  a  thin  layer  of  sesquisulphide,  and  undecomposed  mosaic  gold  at  tlie 
top.  (Berzelius.)  The  sulphurous  acid  gas  obsen-ed  by  Proust,  ftnd 
previously  alj^o  by  Berzelius,  is  not  evolved  unless  air  h'As  access  to  th^ 
heated  subs  tan  re.  (Gay-Lussac,  Berzelius.) — 2.  Boiling  aqun-regia  eon* 
verts  it  into  jiulphuric  acid  and  stannic  oxide.  Hydrochloric  acid  or 
nitric  acid  alone  bos  no  action  on  it — 3.  Deliquesces  in  chlorine  pis  it 
ordinary  tenipcmtures,  forming  a  brown  liquid,  and  afterward*  solidito 
in  yellow  cry^ah  of  SnCi^2SCl^,  (H,  Rose.) — Mosaic  gold  di5*nlve«  in  J 
heated  ."^olutjon  of  potash  [also  in  carbonate  of  potash,  with  evolution  " 
carbonic  acid],  forming  stannate  of  potash  and  sulphostannate  of  ^ 
liium: 

3SnS'  +  3KO  =  KO,Sn02  +  2(KS,SnS2}. 

(For  the  decomposition  by  litharge,  vid.  Lead-cxide,) 

ffpdraitd  Biiulphidf  of  Tin,  or  Bi-hydrt>sftlphaie  o/Sinimic  Ojeidi** 
1.  By  precipitating   hydroehlorato  of  stannic  oxide  with  sulphur 
hydrogen   or  an  aikahnc  bydrosulphnte.^2.   By  precipitating  aquooif 
«iilpbo«tannat«*    of   poLissium    with     hydrochloric    acid. — Light  yclloT^ 
Joomdy-coberent  flake.-?,  which  dry  up  to  dark  yellow,  hard  lumps,  havii 
tk  conchoidal  fmctuns.      When  gently  heated|  it  gives  ofi"  walert  sulphi 
und  nulpharous  acid  (?),  and  h  rrduccd   to  mosaic  gold.    (Proust,)     At  J 
higher  tcmj»emture,  it  give*  ofl*  the  rest  of  it^s  water  with  violent  decffpi- 
tation,  and  is  at  the  samo  time  reduced  to  «e«quisulphi«lo  by  the  Icwai  of 
^  At*  sulphur;  or  at  a  still  higher  temperature^  to  protosnlphidc*  (Bcr* 


» 


EeliQs,)  Bissolrcs  m  boiling  Iiydrocliloric  acid  with  evolution  of  eul- 
pliiLrettcd  liydro<reu,  and  is  thereby  converted  into  hjdrochlorate  of 
stannic- oxide.  (Proust,) 

Bisulphide  of  tin  unites  with  tlio  more  basic  niotiiUic  Bulphide*:,  furniing 
salts  called  Sitlphostannates.  Theiie  coniponnda  are  obtained;  1.  By 
dissolving  either  the  anhydrous  or  tbe  hyd rated  bisulphide  of  tin  in 
aqueous  alkaline  bydrosulphates  or  caustic  alkalis.  The  liydrated 
sulphide  dissolves  more  re^nlily  than  the  anliydrous;  with  the  latter,  a 
boiling  heat  is  required,  to  iusure  complete  saturation.  If  the  alkaline 
hydrosulphates  contain  2  atoms  of  hydro^ulphuric  acid,  1  atom  of  the 
latter  is  expelled  with  effen'c^cence-  When  caustic  alkalis  are  used,  the 
resulting  solution  likewise  contains  stannate  of  potash,  (vid.  sup.) — 2»  By 
precipitating  a  heavy  metallic  salt  with  aqueous  sulphostannate  of 
pota-ssium.  Those  sulphostaniiates  which  contain  an  alkali-metal  are  not 
decomposed  by  ignition  in  close  vessels » 

T>,  Tetrathionate  op  Stannous  Oxide. — Tetrath ionic  acid  gives  a 
white  preeipitato  with  hydrochlorato  of  stannous  oxide.  (Fordoa  and 
Gelia.) 

f        E,  Hi/posulphiie  of  Stannous  oxide  ? — Aqneoua  Bulphurous  acid  and 
'  metallic  tin  produce  protosulphide  of  tin  in  the  form  of  a  black  powder, 
and  a  solution  of  stannous  hyposulphite,  froui  which  acids  evxdvo  sul- 
phurous aciil  and  precipitate  sulphur.    (Fourcroy   &    Vauquelin.)     Ac* 
I  cording  to   Berzelius,  and  likewise  according  to  Fordoa   &   Gclisj   this 
f process  yields  but  very  little  hyposiilphito  of  Btauuous-oxi<le,  together 
I  with  the  sulphide,  but  on  the  other  hand,  a  largo  quantity  of  sulphite, — - 
the  tin,  in  fact,  behaving  exactly  like  cadmium  under  similar  circum- 
stances (p,  57). 

I  F.  Sulphite  of  Stan^xjl's  Oxide,  or  Stannous  SirLpniTE. — Sulphite 
of  ammonia  added  to  hydrochloi-atc  of  stannous  oxide  throws  down,  at 
ordinary  temperatures,  the  greater  partj  and  at  a  boiling  heat,  the  whole 
of  the  stannou8  oxide,  in  tijc  form  of   a  white   basic  salt      This   salt 

[gradually  gives  up  all  its  acid  to  bulling  water,  and  is  converted  into  pa!© 

I  jellow,  anhydrous  protoxide  of  tiu,  (Bertkier,  N,  Ann.  Chun,  Fhys,  7, 

|«lj  Comp.  Bottinger,  Aim,  Pharm.  51,  408.) 

T  G,  STANNOtra  HyposuLPnATE. — Known  only  in  solution.  When 
concentrated  in  vacuo,  it  deposits  protosulphide  of  tin*  (Bouquet.)  % 

H.    SULPHATK     OF     STANNOUS     OxTDK,     or     STANNOUS     SulPITATE.^ 

Banc. — Precipitated  on  mixinj^  h  with  an  alk^ili,   (A,  Berth ollet.) 

h.  Moiwsulphate. — 1.  Protosulphide  of  tin  heated  with  red  oxide  of 

^mercury  yields  the  anhydrous  salt,  which  bears  a  dull  red  heat  without 

decompoaition. — 2.  Bylieating  tin  in  oil  of  vitriol  slightly  diluted. — 3,  By 

difisolving  hydrated  stannous  oxide  in  sulphuric  acid,^ — 4.  Sulp>huric  acid 

added  to  solution  of  hydrochlorate  of  etannous  oxide  throws  doT^Ti  a  ivbito 

powder.     The   liquid  obtained  by  (3),  and  the  solution   of  tlie  saline 

maes  (1),  (2),  or  of  the  white  powder  (4),  all  yield  needles  on  cooling. 

|.(A-  Berthollct.)     At  a  red  heat  the  salt  is  resolved  into  sulphurous  acid, 

bxygen  gas,  and  stannic  oxide.  (Gay-Lussac.)    When  ignited  in  hydrogen 

,  it  leaves  metallic  tin  with  a  sumll  quantity  of  sulphide.   (Arfvcdson, 

1,  74.)     1  According  to  Bout|uet  {N,  J,  Pharm,  1 1,  45Q),  the  salt 
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TIN. 

SnO,  SO*  crystallizes  in  laminie  fram  a  liot  satumt^d  soluiioti  of  recentlv 
precipitated  stannous  oxide  in  dilute  BolpLurici  acid.  It  is  very  fiolubfe 
ill  wjiter;  the  solution  soon  becomes  turbid  from  deposition  of  a  UjMtc 
eiiU,  but  its  transparency  is  restored  by  adding  a  few  drops  of  Bulpburic 
acid.  When  ignited  it  leaves  stannic  oxide.  Combined  with  the 
Bulphatcs  of  potash  and  ammonia,  forming  cry  stall  imble  compoundt,  IT 

L  StTLPiuTTs  op  Stannic  Oxide,  or  Stannic  Sulphate, — a.  Ordi- 
nnvfj,  1.  By  disyolring  ordinary  hydrate  of  ^tannic  oxide  in  aqneottf 
eulphuric  aci^l, — 2.  By  hoatiu^^  tin  with  excess  of  oil  of  vitriol,  where- 
upon snlphuroas  acid  and  sulphur  are  given  off",  and  Btannio  aulpUato 
ronuiiiij?  behind,  Kra«kowitz  {Pf^f/^*  35,  518)  heats  1  part  of  granalatcd 
tin  with  3  parts  of  oil  of  vitriol  in  a  rapnciotis  iron  vessel;  wher«tapOQ 
slight  eifervescence  is  at  first  produced,  with  fonnation  of  a  white  scutn; 
then  suddenly  great  beat  is  developed,  and  Hulphuroua  acid  mixed  wilk 
Bulphur  vapour  is  given  ofl\;  the  ve^^scl  fibould  therefore  be  cooled  to 
prevent  frothing  over.  After  the  frothin/s:  has  ceaised,  the  excess  of  oil  of 
vitriol  if?  driven  off  by  the  application  of  a  stron^^r  heat,  which  is  con* 
tinned  till  the  residue  beconn^s  friable,  and  thereliy  separable  from  tbfi 
metallic  tin  mixed  with  it.  Tho  aqueous  solution  (1)  yields  no  precipi* 
tate  on  boil  in  ^r*  (Berzelius.) 

b,  Anomahus,  The  oxide  of  tin  produced  by  the  action  of  nitric 
acid  does  not  diasolvc  in  sulphuric  acid  either  concentrated  or  dilate:  t 
portion  of  the  acid  is,  however,  absorbed  by  it,  with  tumefactioD,  and  m»y 
l>e  extracted  by  water,  (Berzelins.) 

K.  StrtPnocAnnoNATE  op  Stakwous  Sclphibh*  and  StrtpfloCAii* 
BCWATB  OP  Htawnic  SiTLPHiDR. — Aqueous  milphocarbonato  of  cslclntn 
gives  a  dark  brown  precipitate  with  stannous  salts  and  brownish -jrtlloi^ 
with  stannic  salts.  (Berzelius.) 


TlX  AKD  SBLEHnnif. 

A.  SELBKittB  OP  Tin* — a.  Tin  combines  with  seleniumjOn  the  ftppli* 
^iition  of  heat,  forming  a  grey,  metallic,  ,'<hining  substance,  which,  wtea 
*1ieatcd  in  the  air,  is  readily  deconijKj^ed  without  fusion,  yiolding  seleniam 

which  volatilizes,  and  stannic  oxide  which  remains  behind.  — 6-  Bijf'li^Hidt 
cf  Tin  may  be  obtained  by  precipitating  hydrochlomte  of  stauuic  oxide 
with  hydrosclenic  acid. 

B.  Selkxtte  np  Stannic  Oxn>E. — Wliite  powder,  insoluble  in  water, 
but  i*oluhlo  in  hydrochloric  acid,  and  precipitated  from  the  solution  o« 
the  addition  of  water.  When  hcRted,  it  first  gives  off  water,  and  then 
the  whole  of  its  acid.  (Berzelius.)  Fomiula  of  the  dry  salt,  SnO\  2S«0^ 
(Muspratt) 


TiK  AKD  Iodine^ 

A*  PnoTionint?  or  Tix,  or  Staxwoub  Iodide.' 
I,  When  tin- filings    are  heated   with    a   twofold   quantity  of  iodhW 
krown-red,  translucent  comjionnd  is  fonned,  which  yield*  a  dinirf 
How  powiler,  and    fuses   rcry   racily  (acconling  to  8ir    \^ 
iklliics  when  heated  more  strongly);  the  combiumtioo  is  ati  ^^^ 
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noise  and  ignltioti.  (Gay-Ltissao,  RammekbeTjE:,  Pogg,  48,  1S9.)  IT  Ac- 
cortling  to  Henry  {Phil,  Tram.  1845,  'MS),  tin  lieated  with  twice  its 
weight  of  iodine,  yielila  two  compoiiiid.s,  the  prot iodide  SnI,  and  the 
bin  iodide  SoP,  which  may  he  separated  hy  siihlimatiou,  the  latter 
volatiliiing  at  180"  C  wliile  the  former  remains  fixed  at  a  red  heat.  T 
2.  A  dilute  solution  of  protochloride  t>f  tin  mixed  with  a  very  alight 
excess  of  iodide  of  potassium  soon  dejwsitfi  a  large  qaantity  of  yellowish- 
fed  crystalline  tafts*  If  the  mixture  was  warm,  the  iodide  of  tin  is 
deposited,  on  cooling,  in  fine  yellowii^h^red  needlei^.  (Boullay,  Ann,  Chim* 
Phy$.  34,  372.)  Gay-Lnssac  likewise  obtained  orange-yellow  silky 
ciystaisj  by  treating  the  if^dide  of  tin  (1)  with  a  small  quantity  of  water, 
and  poarin^  off  the  liquid  from  the  separatetl  hydrate  of  Btannons  oxide-^ 
that  liquid  coutainiug  titannoua  oxide  with  excess  of  hydriodic  acid. 
According  to  Gay-Lussac,  these  crystals  consist  of  acid  hydriodate  of 
etaimotis  oxide,  but^  according  to  BouLLay^s  analysis,  they  are  formed  of 
protiodide  of  tin. 

Protiodido  of  tin,  when  heated  in  the  air  in  contact  with  stannic 
oxide,  leaves  a  substance,  which,  when  treatod  with  water,  is  resolved 
into  stannic  oxide  and  liydriodic  acid  which  dissolves.  (Boullay,)  Tho 
iodide  prepared  hy  f  1}  ts  easily  decomposed  by  water^ — esjiecially  with  the 
aid  of  heat,  and  tlie  more  completely  in  proportion  as  the  quantity  of 
water  is  greater — -yicldiug  hydrated  stannous  oxide  which  is  precipitated, 
and  aqueous  Lydriodic  acid  contaiuing  a  trace  of  tin.  (Gay-Lussac, 
Banimelsberg.)  IT  Dissolves  in  water  sparingly,  but  without  decompo- 
eition;  fusee  readily  and  forms  a  dark-red  mass,  having  a  crystallino 
texture;  yields  a  powder  of  a  red  colour  and  considerable  lustre,  like  rod 
lead.  (Henry.)  ^  Tho  iodide  (2)  dissolves  in  water  without  decomposi- 
tion, and  more  almudantly  in  warm  than  in  cold  water;  it  is  like- 
wise soluble  in  hydrochlorate  of  stannous  oxide.  Hence  it  is  not  preci- 
pitated from  a  solution  of  that  compound  hy  small  quantities  of  iodide  of 
potassium.  (Boullay.)  Iodide  of  tiu  combines  with  the  more  basic 
metjkllic  iodides.  (Boullay.) 

Boullax  (2.) 
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When  tin  is  heated  in  excess  with  iodine  and  a  largo  quantity  of 
water,  violent  action  ensues,  tlie  tin  is  rapidly  oxidated,  and  a  solution  of 
hydriodic  acid  is  formed,  containing  hut  a  trace  of  tin.  (Gay-Lussac.) 

On  dissolving  in  aqueous  iodide  of  potassium  half  as  much  iodine  aa 
it  already  contains,  and  adding  protochloride  of  tin  to  tho  solution,  tho 
colourless  mixture  yields  no  precipitate^  hut  on  evaporation  deposits  a 
yellow  £>owder,  slightly  soluble  in  water,  probably  Sn^P,  (BouUay.) 

IT  B.  BiKloDiBE  OP  Tin. — Snl^^ — ^1.  Separated  by  sublimation  from 
the  mixture  of  protiodide  and  biniodide  obtained  by  heating  tin  with 
twice  its  weight  of  iodine  {mpm). — 2.    By  boiling  equal  parts  of  proto- 

ride    of  tin  and    iodine  with  a  small  quantity   of  water.     By  (i): 

ige- yellow,  shining  crystals;  by  (2):  Ted  crystnls.     Sublimes  at  180^ 

Eaflily  clecompoaed  by  water.  (Henry.)  IT 

C  and  D.  Stat^kous  and  St  atonic  Iodates.^ — Iodic  acid  and  iodato  of 
potosb  giTe  white  precipitates  both  with  hydrochlorate  of  stannoas  oxide 
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TIN. 


and  witli  bydroclilonite  of  stannic  oxide.  (PleisoUl)  When  hydroehlorate 
of  stannous  oxide  i^  dropped  into  iodiito  of  Boda»  iodate  of  a  tan  no  as  oxtdo 
is  precipitated,  whito  at  firitj  but  turning'  brown  in  a  few  minutes,  and 
tben  grey,  from  liberation  of  iodine  and  formation  of  stannic  Uydro- 
ch  I  orate.  If,  on  tbe  contrary,  the  ioibito  of  soda  be  added  to  tbo  stannoua 
lijdrocblorate,  tbo  white  precipitate  which  forma  at  first  is  quickly 
rc-dis3olved,  and  the  solution  acquires  a  yellow  colour;  with  a  larger 
quantity  of  iodate  of  soda^  a  separation  of  iodine  takes  placo*  (RammeU- 
berg,  rogg,  44,  567.) 


Tin  jLND  Bromine. 

A.  pROTonnojnuE  of  Tin,  or  Stannous  Bromide, — Bramottanndut 
Acid, — Formed  by  beatin^^  tin  in  bydrobromic  acid  gaa  (Balard),  or  with 
protobromide  of  mercury  (Lowig).  —  Greyish-white,  with  considerable 
iudtrc;  when  heated,  it  fuses  to  a  yellowish  oil. — When  heated  in  the  air 
or  in  contact  with  nitre,  it  gives  off  bibromido  of  tin  and  leaves  ihe 
binoxide. 

Aqueous  Protobromide  of  Tin,  or  H^drohroniate  of  Stannous  Oxide,^' 
1.  By  dissolving  stannous  bromide  in  water. — 2.  Tin  dissolves  in  aqueous 
hydrobrouiic  acid  with  evolution  of  hydrogen,  very  slowly  when  tho 
liquid  is  cold,  more  quickly  when  it  is  raised  to  the  boiling  point. — The 
colourless  isolation,  which  reddens  litmus,  becomes  gclatinon*  when 
evaporated,  but  does  not  crystallize;  when  more  strongly  heated,  it 
gives  oti*  bydrobromic  acid.  (Liiwig.) 

B.  BiBROMiDE  OP  Tin,  or  Stannic  Bromtde.^ — Bt^om^tannie  Acid.^^ 

Tin  takes  fire  in  contact  with  bromine  and  is  converted  into  stannie 
bromide.  (Balard,\ — -2.  Protobromide  t>f  tin  with  bromine  yields  the  same 
componnd.  (Lowig.) — White,  crystalline,  easily  fusible  and  vohittlej 
gives  ofl*  a  faint  white  cloud  when  exposed  to  the  air.  In  heated  oil  of 
vitriol,  it  fusee,  without  visible  decomposition,  into  oily  drops.  With 
nitric  acid,  after  a  few  seconds,  it  gives  off  bri^jbt-cidourcd  vapours  of 
bromine.  Dissolves  in  water  without  apparent  decomposition.  (Balard.) 
Bromine- water  converts  stannous  oxide,  with  evolution  of  heat,  into 
mono- hydrobro mate  of  stannic  oxide;  on  sianuic  oxide,  bromine  exerts  no 
action.  (Balard.) 

C,  Bro3£atb  op  Stannous  Oxide,  or  Stannous  Bromate. — Bron 
of  potash  gives  a  yellowish-white  precipitate  with  hydrochlonite  af « 
D0U8  oxide.  (Simon,  Repcrt,  65,  207») 

D,  Bromate  of  Stannic  OxinE,  or  Stannic  Bromatk. — Aqnc 
nromic  acid  dissolves  but  a  small  quantity  of  the  ordinary  hydmt9| 
stannic  acid,  even  after  digestion  for  weeks.     The  hydrate  separated  ffl 
the  liquid  becomes  translucent  and  glassy  when  dried  over  oil  and  vit    ^ 
and   loses  18  per  cent    when   heated  to    180^    (Kammelsberg.  A«f. 
M,  67.) 

Tin  and  Chlorine. 

P»OTOcnLoitTDB  OF  TiN,  or  STANNovg  Chloridb. — CKtik 
Aeii/.^^/Juthro/Tin, — 1*  By  gradoally  heating  tin  or  amalgum  nf  tin  wli 
€ttloDi9l|  Qt  with  at  most  two  ptirts  of  corrosivo  sublimate^  the  mcrctu; 


STANNOUS  CHLORIDE* 


Yolatilizjng. — ^2.  By  heating  tin  iu  hydrocMorlc  acid  git9,  hyrlrogeii  l>eitig 
set  hve, — 3,  By  heating  Irydrochloratc  of  stannous  oxiilo  in  cloi^e  vessels 
— whereupon,  when  tlie  heat  is  gTadu.ilfy  raised  to  rctliioas  and  the 
xecoiver  changed,  the  chloriclo  of  tin  paa^ses  over  after  the  water,  Capi- 
taine  (J.  Pharm,  2.),  552)  gently  heats  commercial  tifi'mll  in  a  capacious 
crucible  (to  prevent  frothing  over)  as  long  as  it  froths  up  and  gives  off 
water  and  sulphuric  acid— pours  the  mass,  as  soon  as  it  is  hrought  to  a 
state  of  tranquil  fu^iion,  into  a  small  crucible — then  pounds  it  up  coarsely, 
and  dibiil.s  it  from  a  coated  glas.*j  retort.  The  first  portions  of  stannous 
chloride  which  pans  over  are  perfectly  pure;  the  liiet  portions  contain 
a  small  quantity  of  iron,  from  which  tbey  may  ho  freed  by  a  second 
diBt  illation. 

Translucent,  almost  pure  white  (frequently  gvaj),  with  a  fatty  lustre 
and  conchoidal  fracture.  Fuses  at  25i)^  to  an  oily  liquid  which  pene- 
trates the  crucibles  and  makes  them  crack;  boilrf  at  a  heat  near  redness, 
hut  always  with  some  degree  of  decomposition.  (J.  Davy,  Svhw,  10,  321; 
Capitaine,)  When  cooled  after  fusion,  it  roniaius  liquid  for  a  long  time, 
bat  aiterwards  becomes  syrupy  and  solidifies.  (Marx,) 

B  J.  Davy. 

^^^  Sn  , 59*0      ....      C2-5         02^22 

^^B  CI    „ ,„  35*4  37*5         ..  3778 

^^^  8aa 94^       ..,     100  0         ~.       10000 

When  heated  to  bright  redness,  it  gires  off  bichloride  of  tin  and 
afterwards  unaltered  pro tochlo ride,  leaving  a  black  shining  mass  which 

I  dissolves  in  aqueous  hydrochloric  acid  with  evolution  of  liydrogen  gas, 
and  forms  a  solution  of  etannous  hydrochlorate.  (A.  Vogel,  Schw,  21,  (>(/.) 
When  heated  to  the  boiling  point,  it  passes  over  in  companv  with  bichlo- 
ride of  tin,  and  leaves  yellow,  earthy  stannous  oxychloride,  SnCl, 
BnO*  (Capitaiue.) — When  heated  with  sulphur,  it  yields  bichloride  and 
bleulphide  of  tin.  (Proust.) 
*  2SnCI  +  2S=  SnCPf  SuS^ 

WUen  heated  in  the  air^  or  with  nitre,  chlorate  of  pota^sh,  or  morcurio 
oxide,  it  gives  off  bichloride  of  tin  and  leaves  binoxide. — At  ordinary 
temperatures,  it  does  not  suffer  much  alteration  by  exposure  to  the  air; 

■  in  the  course  of  three  weekp,  however,  it  becomes  somewhat  disintegrated, 
but  still  dissolves  completely  in  water. 
HydraUd  anil  Aqueous  Protockioride  of  Tin^  or  Cri/stallized  attd 
Aqueous  MonO'h  j/drochlorate  of  Stannous  Oxide. — 'Tm-sali> — 1.  Pro  to- 
chloride  of  tin  dissolves  without  turbidity  in  water  [freed  from  air?]. 
(Capitaiue.)  The  solution  Is  commonly  turbid,  partly  perliaps  from  the 
presence  of  air  in  the  water^  partly  becau.se  the  chloride  of  tin  may  have 
been  miiied  with  oxychloride — 2,   Tin  dissolvea   very   slowly  in  cold, 

I  more  quickly  in  wann  hydiochloric  acid,  and  with  evolution  of  liydrogen 
gas.  The  preparation  on  the  large  scale  is  performed  in  copper  vessels, 
which,  so  long  as  any  portion  of  tin  remains  undissolved,  are  not  attacked 
hy  the  a<;id. — 3.  If  granulated  tin  be  covered  with  hydrochloric  acid, 
then  the  acid  poured  off,  and  the  tin  exposed  to  the  air— afterwards  the 
acid  poured  on  again^  and  eo  on  alternate!}^ — ^the  tin  takes  up  oxygen 
from  the  air,  whereby  it  becomes  heated,  and  di?<solves  much  more 
quickly  than  by  the  eimple  action  of  the  acid.  (Benird.)^ — IF  4.  In  the 
preparation  of  Tin-sait  on  the  large  scale,  Nollner  recommends  that  the 
,  hydrochloric  acidj  aa  it  is  evolved  from  the  retorts,  bo  made  to  a 
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directly  upon  granulated  tin  contained  in  Gtone-ware  roceivera  ailapted  to 
tho  retorts,  and  that  the  concentrated  solution  of  tin-salt  thus  formed  be 
afterwards  evaporated  in  tinned  pans  with  tho  addition  of  granulated 
tin.  (Arch,  Phami.  63, 120  ) — IT  The  solution,  when  evaporated  and  cooled, 
yields  larjt^e,  transparent,  and  eolonrlese  posnis  (and  octcdmdronB:  Dumtu)^ 
having  a  digagreeable  nietullic  ta^to.  According  to  Benelius,  their  com- 
position ia  SnCKHO;  according  to  Henry,  they  contain  2  atoms  of  water, 
SnCl,2H0.  The  cryslala  when  heated  evolve  water  and  hydrochloric 
acid  containing  a  smalt  quantity  of  tin,  and  leave  protochlorido  and  prot* 
oxide  of  tin.  Cold  oil  of  vitriol  separates  from  them  but  a  small  quan- 
tity of  hydrochloric  acid ;  heated  oil  of  vitriol  separates  hydrochlorio 
acid — together  with  sraall  quantities  of  stannous  chloriJej  sulphurooi 
acid,  and  enlphuretted  hydrogen  [the  two  ktter  substances  partly  ilecom- 
pofling  each  other  and  yielding  a  precipifcato  of  sulphur] — ^aud  forms 
stannic  sulphate.  {A.  Vogel.) 

The  crystals  generally  give  a  turbid  eolution  with  water,  which, 
however,  may  be  rendered  transparent  by  the  addition  of  hydrochloric 
acid  [partly,  perhapa,  because  the  crystals  have  become  oxidated  by 
exposure  to  tho  air,  partly  because  the  air  contains  water]»  The  turbidity 
of  the  solution  increases  with  excess  of  water,  and  diminishes  with 
excess  of  the  tin-salt.  (Fischer) — ^Tho  eolation  absorbs  oxygen  from 
the  air,  and  if  it  does  not  contiwn  an  excess  of  hydrochloric  aciiJ,  becomes 
turbid,  from  formation  of  hi-hydrochlorate  of  stannic  oxide  and  precipita* 
tiou  of  stmiDous  oxyehlonde.     Probably  in  this  manner: 

3(SqO,HC1)4-0  r=  SQO\2HCU9iiCl,SaO  +  HO, 

By  longer  exposure  to  the  air,  the  solution  reoovera  its  tmnspareney  ajid 

acquires  a  yellow  colour — tho  chango  being  slower  as  the  solution  is  more 
concentrated.  (Fischer,  Kmtn.  Arch,  13,  225  j  Capitaine.)  [Does  there 
exist  amono'hydrochlorate  of  stannic  oxide,  which  forms  a  yellow  solution 
in  wiiterl]^ — The  solution  of  stannous  hydrochl orate  mixed  with  sulphurous 
acid,  becomes  yellow  and  turbid,  especially  when  warmed,  and  yiehls  a 
deep-yellow  precipitate  of  hydnited  bisulphide  of  tin,  the  odour  of  snh 
phurous  acid  being  at  the  same  time  destroyed,  and  hydrochloratcs  of 
staooic  oxide  formed.  (Bering^  Ann,  Pkarm,  2ii,  90.)     Probably  thus : 

68nO  +  2S0*  ==  5SnO«  +  SnS*. 

The  stannic  oxide  formed  remains  dissolved  in  tho  excess  of  hydrochlorio 
acid, — According  to  Girardin  {Ann*  Chim.  Phy«,  01,  28U),  if  the  hydro- 
chloric  acid  contains  even  a  small  quantity  of  sulphurous  acid,  th(.«  solutioa 
of  the  tin-salt  in  it  is  attended  with  the  tomiation  of  a  yellow  cloudiue»s; 
and  if  water  Iw  afterwunbi  added,  a  faint  smell  of  sulphuretted  hydrogen 
IK  evolved  and  a  ycllowish-bruwn  precipiljite  formed,  which  is  a  mixtov 
of  Htannic  sulphido  and  stannic  oxide. —  frithionic  uctd  added  to  the  bcatr 
tiu-naluttou  throws  down  aulphide  of  tin.  (Perso3t*)^The  solution  rediio 
hypochloroUB  acid,  wvolviug  chlorine  and  being  itself  converted  into 
stannic  salt  (Balanl.)  It  likewise  reduces  nitric  acid  to  nit 
and  this  again,  by  longer  contact,  to  nitrous  oxide; — tungstic 
when  united  with  an  alkali,  to  bhio  oxide  of  tungnton; — mol>'  : 
to  blue  oiido  of  molybdenum; — i?hromic  a**id  to  chromic  oxiJ  -  nin. 
ganic  ai^id  to  nmnganoms  oxido; — hydrated  peroxide  of  TiimiLLfu  n 
boiling,  to  nMnpmoijj^  oxidr,  with  y>rf*rtpif:ifion  of  sesqiiM'VMlo  oi  tiu 
(Furh*); — ar  by  longnr  di|pesiioii| 

meUUic  ar«t.i  >; — antimonioas  aoU 
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antimoDj  (Woulfe); — ^mononitrate  of  bismuth-oxide  to  black  suboxide 
(A.  Vogel); — the  red  and  brown  peroxides  of  lead  to  cbloride  of  lead 
(A,  Votfel); — ferric  ealts  to  ferrous  »iiits  (with  forinatioii  of  bydrttclilonite 
of  sesquioxide  of-tin,  (Fncbs^  comp.  p»  SO);— cuprlc  oxide  and  its  iyii\u  to 
dichlorido  of  copper; — tho  protoxide^  dichiuride,  protooliloride,  and 
ejauide  of  mercury  to  metallic  mercury  (A.  Vogel,  Ku^tn,  Arch.  23,  78); 
*— eilrer-«iilts  to  metallic  silver;— with  gold-salts,  tlie  stanuoua  solution 
fomi9  a  precipitate  wliicli  is  brown  or  purple  according  to  circumstances. 
—Copper  immersed  in  the  atannous  solution  mixed  witb  a  large  <(uaiitity 
of  hydrochloric  acid,  throws  dt>wn  metallic  tin  in  the  form  of  a  greyish- 
bhick  powder,  ordy  however  when  the  Boliition  i^  cxpoaed  to  the  air  and 
boiled.  (Reiusch.  J.  pt\  Chtm,  24,  248.) 

Protochloride  of  tin  unites  with  the  chlorides  of  the  alkali-metals, 
forming  salts  which  may  be  culled  fJhloroBtarmiies, — According  to  Kuhl* 
manuj  it  forma  delmite  compoundji  with  nitrous,  byponitric,  and  mtric 
acid^     It  is  easily  soluble  in  absolute  alcohol.  (Capituine,) 

»B.  Hydrated  Stannous  Oxychlorioe,  or  I>MiYDRocnLORATE  op 
Staxsou»  0x1015. — By  precipitatin«,^  bydmrhlarate  of  stannous  oxido 
with  au  insutlicient  quantity  of  potash.— White  povvder.  (Proust) — At 
a  red  beat,  it  yields  water  containing  liydroehloricacid  and  hydrocklorate 
of  stannous  oxide,  a  sublimate  of  protfjchloride  of  tiu  and  a  residue  of 
stannous  oxide, — Froths  up  vicdently  with  iftroufx  nitiic  acid;  gives  off 
hydrochloric  acid  gas  wb«n  treated  with  oil  of  vitriol;  and  dissolree 
without  effervescence  in  hydrochloric  W/cid,  acetic  acid,  and  dihite  nitric 
or  ealphuric  acid,  forming  stannous  salts.  (J,  Davy,  Sckw*  10,  325.) 

V  Or:  J.  Davy. 

SnO .,.„  »4*4  ,M.  50'!!  2S!iO  134*0  ....  7M3    .*..      70-1 

SnO   ..» 67*0  ....  35-5G  HCL...  364  .,.  10'32 

»HO 27*0  ....  14*33  2HO  lfl-0  »,.  9*6^ 

,  &xCbSnO  +  3Ai}.   188-4     . ..  Too^  "^  188-4     .  ,.  100*00  " 

C*  AQTrEOtra  SEsaincrni/ORfDE  of  Tr>%  or  Hydrochlobate  op 
[JSesquioxidK'OP-tin.— Hydrated  eesquioxide  of  tin  dissolves  readily  in 
[ hydrochloric  acid.  (Fuchs.)  It  dissolves  with  difficulty  in  cold  dilute 
I  hydrochloric  acid,  and  the  concentrated  acid  does  not  become  saturated 
[with  it  till  after  long  digestion,  which,  to  prevent  oxidation,  must  be 
[performed  in  close  vessels.     The  solution  has  a  purely  a^stringeut  ta«tet, 

*Js,  with  hydrosiilphuric  acid,  a  lighter  brown  precipitate  than  the 
aous-salt,  and  a  remarkably  tine  purple  with  gold-salt^.  (Fuchs.) 

1).  BrcnLORiDE  of  Tin,  or  Stannic  Coloride. — Chhrostannic  Acid* 
I* — Fuming  Spirit  of  LlhavluSy  Spivitus  fumatu  LtbavlL 

iJ^ormntion,  I.  Tin-foil  takes  fire  aft^r  a  while  in  chlorine  gas»  and  burns 
ritb  emission  of  red  sparks,  forming  bichlorido  of  tin. — 2,  ProtochUiiide 
lf>f  tin  likewise  takes  tire  in  chlorine  gas  at  ordinary  temperatures. — 
13.  Tin  heated  with  protochloride  of  mercury  volatilizes  in  the  form  of 
[bichloride.  4,  Protosulpbide  of  tin  heated  with  sulphur  or  with  oxidized 
HKHiies  10  oonYcrted  into  bisulphide. 

PiepanUlon.     1.  When  dry  cbloriuo  gas   is  slowly  passed  through 

Ihe  retort  d^  A  pp.  52,  coutaimng  tin-foil  or  melted  tin,  the  bichlurido 

liitiJflOver  intu  the  receiver  f,  which  mui^t  be  kept  cool. — 2,  By  di.n tilling 

\  of  tin  with  5  parts  of  protuchloride  of  mercury, — 3.  By  distilling 
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ooucentrated  hydrocbloraie  of  stannic  oxide  with  fnmtn^  all  of  riiTioL 
(J,  Davy.) — *.  By  distillmg  common  salt  with  stannic  sulphate : 

2NaCl  +  StjO%2SO^  =  2(NftaS0^)  +  SnCP. 

The  stannic  sulpliato  prepared  by  metliod  2,  page  82,  is  poundod  in  a 
mortar  wliile  still  warm — tlien  sifted— intimately  mixed  with  an  eaml 
weiglit  of  common  salt — and  heated  in  an  iron  retort  with  glass  receirer 
(or  in  a  glass  rctort^ — iu  whicli,  however,  it  is  difficult  to  effect  complete 
decomposition) — ^tlio  heat  being  gradually  raised  as  long  its  anything 
passes  over.  The  bichloride  of  tin  which  distils  over — together  with 
hydrocliloric  acid  gas^-conttiins  chloride  of  iron  and  crystals  of  hydrattMl 
bichloride  of  tin.  To  free  it  from  iron  and  water,  it  is  rectified  in  a 
glass  retort  with  from  twice  to  four  times  its  weight  of  oil  of  vitriol. 
(Von  Kmskowitz,  Po</;;*  35,  518.) 

FroperlUs,  Thin,  colourless  liquid,  which  does  not  freeze  at  — 29^, 
haila  at  120^  ander  a  pressure  of  0767  met.,  and  yields  a  vapour  whoee 
density  is  B'lddJ  (Dumas);  gives  off  white  fumes  in  the  air  at  ordinary 
temperatures. 

■  Berxctiaa.  J.  D^vy* 

Sa 590       ....       45-4&         ,...         bViZ         ...»         42*1 

2Cl  , 70-8       ,...       54-55         ,.,         43'57         ,.,.         57*g 

SnCl^* „       129^9      ....     lOO'OO        Z      loSoO        Z       1000 

Vol.  8p.  gr. 

Tin  ¥Rpmir ,, I 4 '0905 

Chlorine  gag    ,.> 2         ........        4'fl086 

Viipour  of  SaCl-... .,..„.....         1         ...,„.         B'99yi 

Decomposed  by  sulphuretted  hydrogen  with  the  aid  of  heat*  tLe 
products  being  hydrochloric  Urcld  gas  and  bisulphide  of  tin.  (H.  Rosei 
Foff^.  24,  339.) 

SnCl-  +  2HS=  SdS2  +  2UCU 

When  heated  with  nitric  acid,  it  gives  off  chlorine  and  mtrio  oxide,  and 
deposits  stannic  oxide.  (Gay-Lnsaac)  To  mercury  it  slowly  gives  up 
chlorine,  bo  that  calomel  and  stannous  chloride  are  produced.  (Dunm*.)— 
Alcohol  decomposes  it,  with  formation  of  hydrochbrric  ether  and  depom* 
tion  of  stannous  oxychloride.  With  oil  of  turpentine  it  becomes  strongly 
heated,  the  turpentine  sometimes  taking  fire,  and  deposit*  stannic  oxide. 
(J*  Davy.)     Not  decomposed  by  olefiant  gas.  (Wiihler.) 

Hffdrattd  Bichloride  of  Tin,  or  Crt/sfallized  Hydrochlorate  f%f  SU 
Oxide, — 22  parts  of  bichloride  of  tin  solidify  with  7  Parts  of  wwMTf 
forming  a  colourless  ma.ss  of  crystals  fusihle  by  hoat.  (A  Jet.) — ^  If  this 
crystalline  mass  bo  treated  with  an  additional  quantity  of  water,  and  iht 
litjuid  gently  evaporated,  deliquescent  crystals  are  obtained*  which  appear 
to  contain  5  atoms  of  water:  SnClV^HO.  When  dried  over  sulphurio 
acid«  they  give  off  3  At.  water^  and  are  converted  into  SnCl'.2H(X 
(Lcwy,  C(mpt.  rend,  21,  369.)  t 

Aqttiema    Bichloride  of  Tin,  or  Aqueous  Ui/drochlorrtU   ' 
Oxide, — a.  Ordinary,  —  Colour-niakerij*  Composition. —  U  By 
Wchloride    of   tin   in   water. — 2.   By  watnrating  an   aqueous  ^tdyiivu 
rtann^jus  chloride  with  dilnrine  ga«. — 3.  By  mixing  the  fame  Folutifl 
^ith  »   fjuantity  of  bydruehloric  acid   twice  as  great  a^  that   which  It 
already  cuntuiu.^,  and  exposing  it  to  the  air  for  some  timcj— or  by  heating 
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it  TTith  nitric  acid  not  in  excess. — 4.  By  dissolving  tin  in  aq^ua^regia  not 
containing  too  madi  nitric  acid.  A  mixture  of  nitnc  acid  wltli  sal- 
ammoniac  or  common  saUj  or  of  hydrochloric  acid  with  nitre  may 
likewiso  be  used, — The  solution  ohtaiiicd  by  the  agency  of  nitrie  acid 
always  retains  a  portion  of  that  acid,  and  therefore  deposits  anomalous 
hydrate  of  stannic  oxide  when  boiled  (Bolley,  Ann,  Pharm,  30,  103); 
accortling  to  IL  Rose,  this  effect  is  not  produced  till  the  solution  has 
aitamed  a  somewhat  high  degree  of  conceutnition. — The  compound  may 
likewise  be  obtained  by  dissolving  ordinary  hydrate  of  stannic  oxide  in 
hydrochloric  acid.  Tbe  anomalous  hydrate  of  stannic  oxide,  when  dis- 
tilled with  hydrochloric  acid,  is  partly  converted  into  ordinary  hydro- 
chlorate  of  stannic  oxide,  which  passes  over,  while  the  rest  remains 
behind,  as  anomalous  li yd rochl urate  of  stannic  oxide,  in  the  form  of  a 
yellow  mass,  which,  wlicn  digested  in  water,  partly  dissolves  and  partly 
swells  up.  (Berzclius.) — Colourless  lif|nidj  not  decomposiblc  by  boilingj 

.yields  crystals  when  evat^orated  and  cooled. 

b,  A  nomalous. — The  hy^lrate  of  stannic  oxide  produced  by  the  action 
of  nitric  acid  does  not  dissolve  in  hydrochloric  acid  even  when  boiling 

.^nd  concentrated,  but  takes  up  a  portion  of  that  acid  and  acquires  a 
yellowish  tint,  and  is  thereby  converted — after  the  excess  of  acid  has 
been  poured  off,  and  the  residue  dried  on  bibulous  paper — into  a  soft 
yellow  mass  perfectly  soluble  in  water.  Nevertheless,  tlio  resulting 
solution,  even  when  largely  diluted,  coagulates  at  a  boiling  lie  at,  and  if 
concentrated  becomes  m  thick  aa  white  of  egg.  It  likewise  yields  a 
precipitate  when  mixed  with  concentrated  hydrochloric  acid, — but  the 
precipitate  dissolves  again  In  water,  after  the  acid  is  poured  off.  Wlicn 
this  compound  is  distilled,  aqueous  hydrochloric  acid  passes  over  first, 
then  hydrocbloric  acid  gas,  with  a  snmll  quantity  of  stannic  chloride, 
wbile  anhydrous  stannic  oxide  is  left  behind.  {Berzeliu^.) — Ammonia  or 
|>otash  added  to  the  aqueous  solution  yields  a  white  precipitate  slightly 
soluble  in  excess  of  the  alkalh  (H,  Rose*) 

E*  and  F, — Bichloride   of    tin   dissolves   aulidmr  and   phosphorusj 
formlDg  oily  liquids, 

G.    ClILOROSTAXNATE  OP   PHOSPHURETTED  HYBROQEr^. — BichloTldo  of 

tin  absorbs  both  the  more  inflammable  and  the  less  inflammable  phos- 
phuretted  hydrogen  gas  without  dccompositiuii,  thereby  acquiring  a 
yellow  colour,  and  being  subsequently  converted  into  a  yellow  solid  body 
which  fames  in  the  air  and  absorbs  moisture  with  avidity.  When  heated 
out  of  contact  of  air,  it  gives  off  hydrochloric  acid  gas  with  a  sublimate 
►  of  pho8phoru$,  and  leaves  protochloride  of  tin; 

PH^aSaCF  ^  3SiiCl  +  3HCl-f  P. 

Animoniacal  gas  colours  the  compound  black,  even  in  the  coldj  and 
appears  to  form  amraonio-hichloride  of  tin  together  with  several  other 
products.^ Water  added  to  this  compound  gives  off  non-spontaneously 
indammable  phospliu retted  hydrogen  gas  with  effervescence,  and  forms 
hydrochlorate  of  st^annous  and  of  stannic  oxide,  together  with  a  precipitate 
of  terphosphido  of  tin  (p.  88),  Aqueous  solution  of  potash,  carbonate  of 
ammonia,  or  carbonate  of  potash,  and  h^^dro chloric  acid  likewise  give 
rise  to  the  evolution  of  the  less  inflammable  variety  of  phosphuretted 
"rogvn;  but  aqueous  ammonia  evolves  the  spontaneously  iudammablo 
(H.  Rose,  /Vi^.  24,  1  50.) 
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H« — BiobloTido  of  tin  may  be  mixed  with  tereUlarifld  of  pbospKo 

I.  CHLOROSULrmBE  OF  Tin. — SnS%2SDCl*, — Suljdiuretted  iiydrog 
is  rapidly  absorbed  by  bioldoride  of  tin,  witb  formation  of  hydroclilu 
Acid  ffMi 

3SnCl=  +  2HS  =  SnS^^SStiCJs  +  2HCL 

Tbo  liquid  obtained  by  porfcct  eaitiration  with  sulphuretted  hydrogen  If 
traosparent,  of  a  yellowish  or  reddish  colour,  and  heavier  than  wal«r. 
When  heated,  it  leaves  bisulphide  of  tin,  while  the  bichloride  volatilises. 
Water  added  to  the  liquid  dissolves  out  the  latter  compound  and  throws 
down  2a*07  per  cent,  of  bisulphide  of  tin,  (Dumaa^*/.  C/uV»,  MHk  B,  i^$; 
ako  gc/tw.  m,  40i),) 

K,  CHLonrDB  of  SuLPncn   and  Tin. — Produced  by  the  totion  Qf 

chlorine  ga«  oa  bisulphide  of  tin  at  ordinary  temperatures; 

SuS^  +  GCl  =SnCP  +  2SCl». 

A  bulb  i^  blown  on  aglaw  tube  and  filled  with  mosaic  gold;  a  cyliodrica] 
cnlaa^ement  is  also  blown  ou  ili&  tube^  the  end  drawn  out,  aod  p%wmi 
into  a  chloride  of  calcium  tube,  to  keep  out  the  moisture  of  the  air.  At 
soon  aa  the  dried  chlorine  ga^  passed  into  tbo  bulb  has  deoompoeed  tbt 
mosaic  gold,  the  bulb  is  gently  heated  tilt  the  compound  8ubilmc«  in^  " 
the  cylindrical  enlargement;  air  is  passed  over  it  to  drive  out  thc»  oxo 
of  chlorine;  and  the  cylinder  wealed  at  lx>tb  ends,  Proto«ulphid«?  of 
likewise  yiebb  Ihia  compound^  mixed  however  with  free  bichlorid 
(p.  78). 

Large  yellow  crystals,  which  fuse  when  heated,  and  sublime  without 
dccompojiition;  they  funic  in  the  uir  more  strongly  tbitn  bichloride  •  ^ 
tin, — The  crystals  dissolve  gmdnally  but  completely  in  dilate  nitric  »cifl 
with  evolution  of  nitrous  fumce;  ihc  solution  contains  stannic  oiide, 
together  with  the  whole  of  the  sulphur  in  the  form  of  i<ulphuric  acid. 
With  fuming  nitric  at^-id  they  form  a  thick  white  mas«,  jwrfectly  »olabt« 
in  water,*— With  water  they  furm  a  solution  which  ia  milky  from  »pa* 
rated  sulphur,  but  does  not  smell  of  enlphurou?  acid.  The  solution  when 
l»oiled  yields  a  deposit  of  stannic  oxide  soluble  in  bydrochlorio  acid;  with 
hydrosnlphuric  acid  it  forms  bii^ulphtdo  f>f  tin,  and  the  filtered  lif|aid 
treated  with  chloride  of  barium  yields  eulphiite  of  baryta.  With  ni*-it^ 
of  fcilver-oxide,  it  yields  a  white  curdy  prooi|i)tate,  which  contain^  f  , 
0ulphite  of  silver-oxide,  together  with  chloride  of  silver,  and  th^reiore 
turns  black.  Hence  it  ap|>ears  that  the  aqueous  solution  eontaiai 
bichloride  of  tin,  sulphuric  acid»  liyy»oAulj»hurous  aeid,  and  hv  ^  **  '- 
acid.  [But  whence  the  precipitation  of  stannic  oxide  on  U  . .  .  _ 
Aqneoun  ammonia  wipamtcH  sulphur  and  part  of  tlie  stannic  ojtido  fiuo 
the  crv*tnK',  hot  take**  up  a  largo  pro[»ortion  of  the  titannie  oxid<»^  tugcih^ 
^ith  liv  rnuH,  Hul|»burie,   and    hydrochloric  acid, — Tbo    cryilAli 

absorb  u I  A  gau  with  great  evohiiton  of  heat,  and   are  conrofted 

Into  a  yellowush  browu  mas^;  aud  when  this  masa  it  dtgeated  i 

rholo  of  the  istauQio  oxide  ii  left  utidiMoiyod  t<^ili«r  with 
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in  the  form  of  white  flakes.  The  filtrate,  which  is  neutral  at  first,  acquires 
after  a  while,  the  property  of  reddening  litmus,  and  contains  hyposulphitej 
sulphate^  and  hydrochlorate  of  ammonia.  (H.  Rose,  Fogg,  42,  517.) 
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Bichloride  of  tin  may  likewise  he  mixed  with  dichloride  of  sulphur^ 
and  forms  crystals  with  ic  in  the  cold.  (H.  Rose,  Fogg,  16,  67.) 

I.  Sulphate  of  Stannic  Chloride. — Bichloride  of  tin  ahsorbs  the 
yapour  of  anhydrous  sulphuric  acid  in  large  quantity,  and  without  evolu-» 
tion  of  sulphurous  acid,  and  when  perfectly  saturated  with  it,  solidifies  in 
a  transparent  and  colourless  mass.  It  dissolves  clearly  in  a  small  quantity 
of  water,  with  milky  turbidity  in  a  larger  quantity. 

On  distilling  this  mass,  a  colourless  syrup  (a)  passes  oyer  and  hardens 
into  a  transparent,  colourless,  brittle  mass;  a  white  mealy  sublimate  h  col- 
lects  in  the  neck  of  the  retort;  and  an  unfused  mass  (c)  remains  in  the  retort, 

a.  The  brittle  mass  forms  with  water  a  very  turbid  solution  containing 
stannic  oxide,  hydrochloric  acid,  and  sulphuric  acid,  with  separation  of 
white  flakes  mixed  with  heavy  oily  drops;  these  dissolve  but  slowly 
in  water,  as  sulphate  of  terchloride-of-sulphur;  the  flakes  which  remain 
bebiud  dissolve  readily  in  hydrochloric,  sulphuric,  or  nitric  acid. 

d  =  6(SnCl«,SnO«)  +  5(SCl«,5SO»). 
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Sometimes  the  compound  contains  less  (SnCP,  SnO'),  and  in  that  case 
it  dissolves  in  water  with  little  or  no  turbidity. 

6.  The  mealy  sublimate  contains  less  quintosulphate  of  chloride-of- 
sulphor  than  a^  and  therefore  forms  no  oil-drops  or  only  a  few,  when  put 
into  water. 

c  The  residue  in  the  retort,  after  being  sufficiently  heated,  con- 
tains nothing  but  stannic  oxide  with  sulphuric  acid.  The  large  quanti^ 
of  stannic  oxide  arises  from  the  simultaneous  formation  of  terchlori^ 
of  snlphur  from  the  sulphur  of  the  sulphuric  acid.  (H.  Rose^  Pogg. 
44,  320.) 

T  M.  loDOCHLORiDE  OF  TiN. — SnCl,  SnI.— When  a  concentrated 
solution  of  stannous  chloride  is  boiled  with  iodine,  a  deposit  of  stannous 
iodide  is  formed,  and  the  liquid,  after  filtration  and  cooling,  yields  straw- 
yellow,  silky  crystals  of  the  iodochloride. — These  crystals  are  decom- 
posed by  contact  with  water;  they  are  not  volatile.  They  contain  12*63 
per  cent,  of  chlorine;  45*86  iodine,  and  42*16  tin.   (Henry,  FhiL  Trans, 
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Tin  and  FrartiRixE* 

Hydrated  Photo  fluoride  op  Tin,  or  Hydropluatb  of  Sta^koi^s 
Oxide.— A(]iiefm8  hy<irof!uoric  acifl.  eyen  when  warmed,  has  no  sensible 
action  upon  tin.  TJie  solution  of  staim dub  oxide  in  aqueous  hydroduoric 
acid,  when  evaporated  out  of  contact  of  air,  yields  sm^illj  white,  very 
brilliant  crystals,  wbicli  Lave  a  very  sour  taste,  and  are  easily  soluble 
in  water.  (Gay-Lussao  k  Thenard.) — Opaque  prisms  wbich  tuste  first 
sweet  aud  then  bitter;  and  when  exposed  to  fcbe  air,  aro  readily  converted 
by  oxidatiou  into  SnF^SnO\  (Berzelius,  Pogg,  1,  34.)  Accor«ltn^  i^( 
Unverdorben  (N'.  Tr.  1,  36),  bydroflaate  of  ammonia  gives,  with  Ly«ll1^H 
cbloratc  of  stannous  oxide,  a  precipitate  consisting  of  glimmering,  metaJ-^ 
fibining  laminaj,  soluble  in  dilute  potash. 

B.  AdUEoirs  BrPLUORiDE  OP  Tin,  or  Hvbroplpate  op  Stakxic 

OxiUE, — Aqueous  hydroHiioric  acid  fonns  with  stannic  oxide  a  sol nt ion, 
which^  when  evaporated,  gives  off  hydrofluoric  acid,  and  is  converted  into 
an  insoluble  (basic  1)  salt.  (Gay-Lussao  &  Tbenard.)  The  solution  when 
boiled  coagulates  like  white  of  egg.  (Berzelius.) 


Tin  and  Nitrooek, 

A.  Nitrate  of  Stannous  Oxiue,  or  Stannous  Nitratk — 1,  V« 
dilute  nitric  acid,  at  ordinary  temperatures,  dissolves  tin  in  the  form  < 
stannous  oxide,  the  action  being  attended,  not  with  evolution  of  nitroaa 
gas,  but  with  formation  of  ammonia.  (Proust.) — 2.  By  dissolving  hydrated 
stannous  oxide  in  dilute  nitric  acid,  a  salt  h  obtained  not  mixed  witK 
nitrate  of  ammonia.  (Berzelius.)— 3.  By  precipitating  protochloridc  of 
tin  with  nitrate  of  lead,  and  filtering  to  separate  the  chloride  of  lead. 
The  solution  is  less  liable  to  change,  if  mixed  with  excess  of  nitrato  of 
lead.  (Fischer,  ^S^c/rw.  56,  360.) — Ifellow  solution,  which  if  left  to  itself  for 
some  time,  deposits  a  small  portion  of  stannous  oxide  (gelatinous  hydrate 
of  stannous  oxide,  according  to  Berzelius),  but  If  heated  with  fre»b  nitric 
acid,  deposits  the  whole  of  the  tin  in  the  form  of  stannic  oxido  [anamaloiil 
hydrate  of  that  oxide].  (Proust,) 

B.  Nitrate  OF  Stannic  Oxide^  or  Stannic  Nithate. — The  ordinary 
hydrato  of  stannic  oxide  dissolves  abundantly  in  nitric  acid,  and  neutm- 
lizes  it  completely.  The  solution  has  a  biUer  taste.  If  the  acid  used  is 
rather  strong,  a  portion  of  the  salt  separates  from  it  in  silky  tTystalt.^ 
At  50%  it  deposits  nearly  a!!  the  oxide  in  the  hydrated  state, In  gelatino^^ 
lumpi?,  which  ilry  up  to  a  transparent  and  colourless  ni.oss;  the  oxide  th 
obtained  behaves  like  ordiuBry  hydrate  of  stannic  oxide,  excepting  thi. 
it  will  not  again  dissolve  freely  m  nitric  acid,  unless  it  be  prcviouj^ly 
treated  with  aninmnia.  If  the  solution  contaiut*  nitrate  of  ammonia,  it 
does  not  decompose  at  ordinary  tomperaturoi?;  if  it  does  not  conL-un  thai 
8uVi«tance,  and  especially  if  it  be  much  diluted,  it  depo«iU  sUnnic  oxide, 
whicb,  however,  disappears  again  on  the  addition  of  nitrate  of  ammonia. 
(  B  cruel  i  us.) 

Tho   anomalous  hydrate  of  stannic  oxide   is  oomptetely   inaolabb^ 
ill  nitric  acid,  even  if  previously  digested  in  ammonia,  (BoneUiia.) 
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C»  Nitric  Oxtde  with  Stannic  Chloride. —Crystalline;  easy  to 
[distil;  clecomposiblo  by  water.  (Kuhlmann.) 

Hydrated  stannous  oxide  h  nearly  in  soluble  in  aqueous  animonia. 
(Berzelius,  Fog(/.  28,  444.) — In  a  large  quantity  of  carbonate  of  ammonia, 
it  dissolves  almost  completely.  (WittsteiD,  Etj^ert.  (!3j  334.) 

D.  Stagnate  of  Ammonia, — 1,  The  ordinary  bydrate  of  stannic  acid 
dissolves  in  aqueous  ammonia.  Tbo  satuniteil  Bolution  evaporated  over 
oil  of  vitriol  in  a  receiver  containing  air  leaves  a  yoUowisb  jelly,  contain- 
ing NH*0,2SnO%  togetber  with  water.  (Moberg.) — ^2.  Aqoeoua  stannato 
of  potash  precipitates  etannato  of  ammonia  from  a  solution  of  sal- 
ammoniac.      Tbo  gelatinous  precipitate  dissolves  in  pnre  water,  but  is 

,  roprecipitated  by  ammonia.  Tbe  aqueous  solution,  wben  spontanconsly 
evaporated,  becomes  viscid,  but  does  not  lose  its  transparency.  (Bcrzelius.) 
— Tbe  anomalous  bydrate  of  stannic  oxide  does  not  dissolve  in  ammonia. 

E.  SuLPHosTANNATE  OP  Ammonium. — By  dissolving  bydratod  stannic 
I  oxide  in  aqueous  bihydrosulpbate  of  ammonia. — No  staunate  of  ammonia 
lis  thereby  produced.  (Bcrzelius.) 

F.  AMMONio-pnoTiomDR  OP  Tin. — 100  parts  of  etannons  iodide 
absorb  20  9  parts  of  ammonia,   evolving  heat,   and   forming   a   white 

■  eamponnd.  (Kammelsberg,  Pogg,  48,  169.) 
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G.  loDosTANNiTE  OP  Ammokium. — By  precipitating  tolerably  concen- 
trated liydrocblorate  of  stannous  oxide  with  hydriodato  of  ammonia. — 
Greenish-yellow  needles,  decomposed  by  water,  with  separation  of  red 
iodide  of  tin.  (P.  Boullay.) 

Dried,  Boullay. 
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H,  AMMONio-pROTOcnLOEriiE   OF   Tin. — 2  At.   protochloride  of  tin 
absorbj  when  heated,  1  At.  ammoniacal  gas.  (Pcrsoz.) 


k 


L  Ammomio-bichloride  op  Tin. — The  fuming  spirit   of   Libarius 
orbs  ammoniacal  gas  at  ordinary  temperatures,  causing  evolution  of 

tt.    (H.   Davy.) — The  solid  mass,  as  it  forms,   must    be  a^ssiduously 

pulverized,  ami  again  exposed  to  the  ammoniacal  gas,  if  we  would 
ensure  its  complete  saturation.  (H.  Rose.)  Tbc  white  mass  may  be 
anblimed  without  flecomposition  {even  in  hydrogen  gas  :  i/.  Bost),  and 
when  hcate<l  in  tbo  air,  evaporates  in  white  pungent  fumes.  (H. 
Davy.)  Wben  dissolved  in  water  it  reddens  litmus  strongly.  (Grou- 
vello.)  After  sublimation,  it  is  cryBtdline  and  has  a  somewhat  yellowish 
white  tint.  When  heated  with  sodium,  it  emits  a  hrilUant  violet  light, 
and  is  resolved  into  granules  of  tin,  chloride  of  sodium,  and  ammoni-*icaI 
gas.  It  dissolves  completely  in  cold  water  {Grouvelle,  H.  Hose), 
onh^  that  which  has  not  been  sublimed  forming  a  turbid  solution. 
The  solution,  if  evaporated  in  vacuo  over  oil  of  vitriol,  leaves  the  undc- 
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composed  compound  in  the  form  of  a  mass  of  ciystals,  wliich  enblime 
witliout  (leeompctBition*  But  if  tUc  cold  solutbn  (which  gives  no  tur- 
Lidity  with  ammoniii)  bo  ht'Etcd,  or  left  to  Itself  for  a  few  days,  it  depof^its 
a  jelly.  Solphtiric  acid  likewise  gives  a  goktitious  precipitate,  solnble  ia 
a  larger  quantity  of  water.  The  sanio  character  U  exhibited  by  aqneoua 
bichloridt'  of  tiDi  to  which  a  small  t]inintity  of  ammonia  haa  been  added. 
The  compoimd  is  not  altered  by  phosphuretted  hydrugen  gaa  in  the  cold; 
when  heated;  it  giToa  oil*  ammonia  and  tarn^  red  on  the  fiurface^  probaUj 
from  formation  of  a  email  quantity  of  chlorodtannato  of  pho^piiuretted 
hydrogen.  (H,  Rose,  Potjg,  24,  103.) 
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The  unsmblimed  compound  y{e\^  a  larger  quantity  of  aminoDi% 
fceoause  free  ammonia  adheres  to  it.  (H.  Rose.)  According  to  Gronvelto 
tnd  Persoz  {Ann.  CVum.  /%*.  44,  322),  the  compouncl  =2NH*,SiiClV 

K.  CiTLonosTANKiTu  OF  AMMONitTli. — ^This  18  the  rcstdue  obtain^ 
when  tin-filings  arc  heated  with  sijl-ammoniac,  ammonia  and  hydro^ 
gas  bi?ing  evolved;  at  a  higher  temperature  it  sublimes.  (Proust,  A.  Gek 
If  249;  Borzeliua.)     Hegnliir  octohedrong,  which  are  pernmnent  in  the 
air,  and  redden  litmus;  tbcir  solution  in  water  becomea  turbid  ou  boiliag, 
(Apjohn.) 

Apjohn. 
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IT  Poggialo  {Conipt.  rrpd.  20^   IISO^  has  formed  a  ccmponnd  co 
taiiiing  2NH*C1,  SiiCl-f  3Aq;  it  crystallizes  in  needles  grouped  in  t« 
permanent  in  the  air  and  decomposed  by  water.  % 

L.  CntoiiosTAXNATB  OP  Ammonittm. — PinkSafL — 1.  Precipit.atrd  i 
the  form  of  a  white  powder,  on  mixing  concentrated  solutions  <*f  biddor 
of  tin  and  sal-ammoniac.     When  a  dilute  mixture  of  the  two  solutiu 
Is  slowly  evaporate*!,  the  compound  ia  deposited  in  small  rpgnlar  oct« 
hedrons  and  cubo*octohcdrons.  (Bollcy,  Ann,  P/tcirfn.  99,  100.)     It  may 
alj»o  be  obtained  by  mixing  a  solution  of  40  parts  of  tin  in  rr-M-  —-t^ 
with  35  part«  of  sal-ammoniac  at  100%  evaporating  to  dryness.  ;r 

the  perfectly  dried  residue,  which  amounts  to  120  parts^  in  %viu*  r,  nn 
leaving  the  solution  to  crystallize.  (Wittstein,   Rupert.  64,  7.) — 2.  Sa' 
limes  m  transparent  octohedrons  during  the  preparation  of  moflatc  | 
with  tin,  salanmioniac,  au'l  sulphur,  and  ntay  be  puriiied  by  soliii 

ftltrattou,  and   crystal  ligation.    (Om.)      The  eryvtuls   decrepitate   w 

heated*  then  evolve  bichloride  of  tin,  and  aft«?wanli  inblime  in  wyii 
laminap.  (Wittstein.)     Diwolvrs  in  .1  part*  of  wafer  at  14^5^     The  < 
centraled  solution  does  not  decom poise  uu  boiling;  tbe  dilute  icdoiio, 
when  b<iiled,  deposits  tho  whole  of  the  ttaimio  oxtdo  in  white  flak« 
(BoUey.) 
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M.  Htdrochloratb  anb  Stannite  op  Ammonia, — By  eu^iersatii- 
rating  aqueous  protochlontle  of  tin  with  amtnnnia  till  the  precipitated 
stannous  oxUle  is  redissolved,  and  evaponiting  the  solution  in  vacuo,  this 
compound  is  obtained  iu  cry  a  tab.  (Borxelius.) 

N.  Nitrate  OP  Stannic  Oxide  and  Ammonia. — Nitraie  of  ammonia 
iQCreiMes  the  solnhility  of  fitanuic  oxido  in  nitric  acid;  henc^}  it  is  easier 

•  to  dis3o1ro  tin  without  precipitation  in  nitric  acid  containing  nitrate 
of  ammoQia.  (Vid.  JH Urate  of  Stannic  Qjcide,  p,  92;  also  Ann,  Okim, 
42,  218.) 

K  Tin  and  Potassium. 

A*  Alloy  or  Tin  and  Potassium, — a.  Seven  volnmea  of  tin-iilingd 
unite  with  2  volumes  of  pota?i.^ium,  with  faint  in  candescence,  and  form  an 

■  alloy,  which   is  eomewhat  less  white   than   tin^  hrittle,  of  fine-grained 
fracture,  and  easily  fusible.     Oxidizes  quickly  in  the  air,  efiervesces  with 
water,  and  still  more  with  aqneons  acids. — b.  Witli  a  larger  quantity  of 
potaMQm  an  alloy  ia  ohtained,  which  often,  especially  during  pnlveriza- 
H  tion,  takes  fire  in  the  air.  (Gay-Lnesac  &  Thenard.) — c.  When  granulated 
V  tin  is  ignited  with  cream  of  tartar,  or    100   parts  of  stannic  oxide  with 
60  parts  of  tartar  carbonized  by  roast ingt  and  8  parts  of   lamp  black 
(wito  16  lamp-black  a  pyrophorus  in  formed),  the  tin  takes  up  a  email 
quantity  of  potiLssium,  bo  that  when  thrown  into  water,  it  slowly  evolves 
—^  hydrogen  gns.  (Serullus^  Ann.  Chim,  Fhyi.  21  j  200.) 

"  B.  Stannite  of  Potash. — ^Hydrated  stannous  oxide  dissolves  readily 
in  canstic  potash.  The  solution  is  resolved,  especially  when  heated,  into 
crystallized  tin  and  stannate  of  potash.  (Pronat.)  Zinc  separates  the  tin 
from  it  iu  soft  lamiuir.  (Klaproth.)  When  solution  of  potash  is  com- 
pletely saturated  with  hydrate  of  stannous  oxide,  and  tben  loft  to 
tlTEporate  in  vacuo,  the  potash,  at  a  certain  degree  of  con  centra  tion, 
witndrawa  the  water  from  the  by d rated  oxide,  which  thereupon  becomes 
insolable  ^id  falls  to  the  bottom.  (Fremy.) 


C.  Stakkate  op  Potash. — «.  Orf^tncrry.^-a.  Monostamiate, — 1.  By 
fnsing  stannie  oxide  or  either  of  its  h3i'd rates  with  hydrate  or  carbonate 
of  potash,  [f  tlio  fusion  with  carbon afo  of  potash  bo  interrupted  before 
the  carbonic  acid  is  completely  expelled,  the  ^ame  effect  is  produced  as 
with  titanic  acid  and  carbonate  of  potash.  (II L  484;  H.  Hose.)  The 
fused  mass  generally  contains  an  excess  of  potash. — 2,  By  dissolving 
stannic  oxide,  or  the  onlinary  or  anomalous  hydrate  in  hot,  strong  potash- 
ley.  Tho  solution  saturated  with  hydrated  stannic  oxide  and  then 
evaporated  in  vacuo  over  oil  of  vitriol  to  a  considerable  degree  of  con- 
centration, yields  colourless,  shining^,  oblique  rhombic  prisms,  whose  very 
ftcnte  lateral  edges  arc  often  truncated;  they  have  a  caustic  alknliuo 
taste,  do  not  deliquesce  in  the  air,  but  absorb  carbonic  acid  from  it. 
Basil V  solublo  in  water  whether  hot  or  cold.  (Moberg,  Ba'z.  Jahregbfr, 
22,  142;   Btf\   ubtr  d,    Va'samjnl,  d,  Naturf.  in  Frag.   1837*)      The 
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crystals  tarn  red  wben  heated,  but  do  nat  melt.  (Proust.)  Lead  minicrs^i 
in  the  aqueous  solution  precipitates  the  whole  of  tlio  tin,  (Fisciier,  Po^^f. 
a,  2ei3,)  Copper  in  contact  with  tin  is  quickly  tinned  by  the  solution. 
(Buttger,  Ann.  jP/mnn»  3i^,  171.)  Alcohol  added  to  the  solution  prcci* 
pitates  the  ealt  ^. — IF  Ordinary  stannate  of  potash  docs  not  lose  ilt 
fiolnhilify  in  water  hy  ignition;  acids  added  to  the  solution  of  the  ignited 
salt,  throw  down  stannic  acid^  perfectly  soluble  in  nitric  acid*  (Fretny.)  T 


KO  .. 
Sn03 


Anh^droua* 
47-2    ....     38-62 
75-0    ,.,.     61-38 


K0..„ 

SnOa 
3HO 


Cn/itallised, 
47-2    ....    31-64 
7S-0    ....     50*27 
270     ,,.     18*09 


Ho] 
31 
4t 

18 


m 


KCStiO-        122-2 


100*00 


+  3Aq.        149-2 


lOO'OO     98-^ 


>ceiil    1 


/9.  Acid  SalL — 1,  By  preoipitating-  the  aqueous  solution  of  a  with 
alooliol. — 2.  When  stannic  salt  is  precipitated  by  carl>ouato  of  potMb, 
hydrated  stannic  oxide  containing  potash  is  precipiuited;  and  this,  a/t«r 
the  saline  solution  has  been  removed  by  decantation,  dissolves  in  pure 
water,  forming  a  milky  liquid^  which  gives  a  precipitate  with  carbonate 
of  potash,  (Berzclius.) 

I.  Anoinalom. — Fremy*8  MeUtsiannale  of  PotasL — When  the  aao- 
malous  hydrate  of  stannic  oxido  is  boiled  with  a  very  dilute  solution  el 
potash,  a  solution  la  formed,  containing  IG  parts  of  stannic  oxide  to 
1  part  of  potash.  The  liquid,  which  appears  bhiish-whito  and  opaleseenl 
by  reflected,  and  deep  yellow  by  transuiitted  light,  becomes  gelatinous  "" 
evaporation,  and  afterwards  dries  up  to  a  deep  yellow  substance,  wh: 
re-dissolves  when  treated  with  water.  Tiiis  eubetance  is  resolved  by 
ignition  into  insoluble  stannic  oxide  and  a  com  po  a  ml  of  potash  with  i 
gmall  quantity  of  stannic  oxide,  which  may  be  extracted  by  water* 
(Bcrzelius,)  The  anomalous  hydrate  dissolves  imperfectly  in  aqueoofi 
potash,  and^  when  the  solution  i^  left  to  iti^elf  for  some  time,  jiarlly 
separates  out  again.  It  does  not  dissolve  in  aqueous  carbonate  of  potash* 
(H.  Rose,  JnaL  Cltan.)  IT  Freuiy  prepares  metastaunate  of  potash  b^ 
dieaoiving  mctastanuic  acid  (p,  73)  in  dilute  potash*ley  and  adding  solid 
caustic  potash,  w  hereupon  the  coiupound  separates  in  the  form  of  a  white 
granular  precipitate.  This  precipilate,  when  drieil  upon  a  porous  porce- 
lain] jilatc,  becoracs  resinous  and  translucent;  it  dissolves  completely  in 
water,  forming  au  alkaline  liquid  which  cannot  be  made  to  crystaUlM 
by  evaporation,  hut  on  the  addition  of  an  acid,  yields  a  precipilmie  oC 
tnetastannic  acid  insoluble  in  nitric  acid.  Metastannato  of  potash,  wh  " 
heated  with  excess  of  caustic  potash  or  left  in  contact  with  it  for  ^evpi 
days,  is  converted  into  stannate  of  p(ita*^h»  By  ignition  it  is 
luid  decomposed.  From  the  ignited  salt,  water  extracts  pota-t 
a  dniall  (|uantity  of  meUistannic  ai^id;  100  parts  of  the  jialt, 
i^iition  and  treatment  with  water,  yield  79  parts  of  nietjLStannie 
Frmny  assigns  to  this  salt  the  formula  K0,Sn»0''*+4H0.  (N*  Ann. 
rhj/$,  23,  393.)  f 

D,  SuLPHosTAKKATE  OF  PoTASBitTM. — KS,SnS', — By  dissolring  mil 
drous  or  liydratcd  bisulphide  of  tin  in  hydrosulphato  of  potash.  If  ll 
bi hydros ulphato  bo  used,  the  second  atom  of  hydrosulphuric  acid  10  given 
off  with  ellervescenco;  if  the  eutphide  of  tin  is  anhydrous  a  tH>ili]] 
boat  is  required  to  insnre  saturation.  Caustic  pota^^b  with  bisulphide 4 
tin  yields  the  camo  solution,  likewise,  however,  coutaining  stanml^j 
potfl^< 
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3SnS2  +  3K0  =  2(KS,  SnS«)  +  KG,  SnO*. 

Pale  yellow  liquid.  When  digested  with  excess  of  hydrated  bisulphide 
of  tiiiy  it  converts  the  latter  into  scsquisnlphide,  tin  being  deposited  and 
sulphur  dissolved,  and  a  solution  of  polysulphide  of  potassium  formed. 
Acids  added  to  the  solution  of  sulphostannate  of  potassium  evolve  hydro- 
sulphuric  acid  and  precipitate  bisulphide  of  tin: 

KS,  SnS2  +  HO  +  803  =  KO,  SO^  +  SnS^  +  HS. 

For  every  21 2  parts  of  bisulphide  of  tin  (In  the  anhydrous  state)  which 
hydrochloric  acid  throws  down  from  the  liouid,  there  are  formed  1*63 
parts  of  chloride  of  potassium.  Alcohol  aaded  to  the  yellow  solution 
throws  down  a  more  concentrated  solution  of  the  same  compound,  in  the 
form  of  a  light  yellow  thickish  liquid.  (Berzelius.) 

E.  loDosTANNirE  OP  PoTASSiUM.— Concentrated  solutions  of  proto- 
chloride  of  tin  and  iodide  of  potassium  solidify  when  mixed,  in  conse- 
quence of  the  formation  of  yellowish  silky  needles;  the  same  may  be 
obtained,  but  in  a  finer  state  of  crystallization,  from  a  solution  in  hot 
alcohol.  When  chlorine  gas  is  passed  over  the  anhydrous  salt,  the  tin 
bums  with  emission  of  light  and  forms  bichloride  of  tin,  leaving  a 
residae  of  chloride  of  potassium.  A  small  quantity  of  water  withdraws 
iodide  of  potassium  from  the  salt;  the  remaining  iodide  dissolves  on  the 
addition  of  more  water.  The  compound  dissolves  in  hot  alcohol,  leaving 
but  a  small  quantity  of  iodide  of  tin  behind,  and  the  solution  yields 
crystals  on  cooling.  (P.  Boullay.) 


Or: 

BouUay. 

K 

...      392    . 

..      7-33 

Kl 

165-2     . 

...     30-87     ... 

33-76 

2Sii 

...     1180    .. 

...     2205 

2SnI .... 

3700     . 

...     6913     ... 

66-24 

31    

...     3780    . 

...     70-62 

KI,2SnI 

...     535-2     . 

...  10000 

535-2     . 

...  10000    ... 

100-00 

F.  CnLOROSTANNiTE  OP  PoTAssiuM.— 2KCl,SnCl+3HO.  Needles. 
(Poggiale.) 

G.  Chloiiostannate  op  Potassium. — By  evaporating  aqueous  bichlo- 
ride  of  tin  with  chloride  of  potassium.  Jacquelain  (Ann,  Chim,  Phys, 
669  ISO)  dissolves  equal  numbers  of  atoms  of  chloride  of  potassium  and 
bichloride  of  tin  in  water.  Wittstein  {Repert  64,  7)  adds  5  parts  of 
chloride  of  potassium  to  a  solution  of  4  parts  of  tin  in  aqua*regia,  or  fuses 
1  At.  anomalous  hydrate  of  stannic  oxide  in  a  silver  crucible  with  1  At. 
hydrate  of  potash,  and  dissolves  in  hydrochloric  acid.  Bolley  {Ann, 
Pharm,  39,  100)  mixes  dilute  hydrochlorate  of  stannic  oxide  with  excess 
of  chloride  of  potassium. — Regular  octohedrons  (Bolley,  Wittstein); 
rhombohedrons  (Jacquelain).  The  crystals,  which  are  permanent  in  the 
air,  decrepitate  when  heated,  give  off  bichloride  of  tin,  and  leave  chloride 
of  potassium  mixed  with  a  small  quantity  of  stannic  oxide  (Bolley),  or 
chloride  (Wittstein). 

Jacquelain.  Or :  Bolley. 

K. 39-2    ....     19-18    ....     19-42  KCl ...    746    ....  3C-5     ....     36-3 

Sn   59-0    ....     28-86     ....     28-67  SnCl«   129*8     ....  635     ....     63-7 

3a 106-2    ....     51-96    ...     51-85 

KCiTSnCP     204-4    ....  10000    ....     99*94  2044     ....  1000    ....  1000 

TOL.  T.  H 
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■"    xT7.     '.F    Soil  A. — a,    Or:1ih<f"i: >:•  l-.-il       Z     s*'dA    SLlTmi^l 

.."-  ..yirrit«i   of  f-tannic  oxi-ie  Tri- jil. — -"Ji'..;^  z ;l  witLvz:  <::£• 
.    .  Ti^'il.'ir  *Ty.-tal«.  wLicL  are  l.rI:r'T  iIiAa   :h-f  pou-Ii-^aii 
.-  ■  .it'-r.  (MolKir^'.) 

.•1  /i  hytlnmn.  C'Vfr  cT.si'I.  Moberj. 

.112  NaO 51-2*    ..      i:  42     ....     rvS 

.     rrrl)  SnO-    rrrO     ...      ;f  •!     ...     560 

:ino  2:0         2'/-i:    ...    20-2 


.   lOii-2  +3Aq 133-2     ...    I-X-IO     .  .     9?-; 

'.  r-i:.?  of  >t.innous«  ux'nlo  l>c  procii»itaT«-i  at  a  romporatnw 

!     \  Or-   I't'  <arb«»iiatt»  uf  Htnla,   ihe    S!ira:e.    "U  oc-.-lisi:. 

:   -I  .;■'  i.  whii'h  i'tr»'rvo-(M's  with  ncid?  af:«T  l-oin^  wn.^lic^l. 

.    •:■•»!. ;iMy  :i  r.irbunate  of  stannous  oxide  ar*  i  ?."I:i.  (Lov- 

.    -'.,   ol?.'^ — •".    h,  Mciaafanna^*:. — Olta:ne«l  I'V  the 

■'..••.  >>u-Uv  <«n   mctajstannic  ac'hJ.     The  ?>ah  i*  verv 

•••v.:  T.\\\\\\*\  irninuhir,  an<l  crystalline.    It  i- re-t<Ivo«l 

,   N       .:   •  m:.   if  in   solution)   into  nietastannio  ac!«l  aii'l 

V.       ■  .;•;vo.l^^  to  be  :   NaO,Su-0-'^  + 4Aq.  ^Froniy.)  f. 

.    sNNv".  •    Of    Sodium. — Similar  to   the   p<.»tassium-coiii- 


>,*virn. — Wlicn  a  solution  of  ioditlo  nf  soiliuni 
v.:  .  f  stannous  «»xi<le  is  left  to  stand  for  s«tv.o 
!.»  ;!*  :in.  an«l  then  pale  yellow  crystals  of  lli-* 
'  y  water.  (P.  Boullay.) 

.-  '   >.»;>TrM. — By  ovajuiratin^   a    mixture  -f 

.  -..It.     Aeronliuir  to  Wittstein.    I    part  ef 

■  ^"^Ivevl  in  a«pia-re«:ia:  t»r  I  At.  auouKil-^'i- 

.    .  «  :!.  1    At.  hytlnite  of  so. hi.  and  ili-MthM 

I      .•   -.  .'elii(ue^eent  euhes,  whieh.  wlii-n  ij!'..tc«l. 

.....iv.iitv  of  rhlori«le  of  tin.   t\Vitt-t»in) 

,    V   V  i:*.ev.i  in  eoM  air.  etllore^ee  in  wann  air. 

.-.  w.j:or  at  Ii»'».  and  the  chloride  i-f  lia  at 
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I  red  heat.  (BoUey.)  It  remains  to  be  determined  by  analysis,  whether 
the  salts  obtained  by  Wittstcin  and  by  Bolley  differ  in  anything  besides 
bheir  quantity  of  water.  Lewy  has  formed  a  compound  containing 
NaCl,SnCP-h5  Aq. 

G.  Hydrochlorate  and  Stannite   op  Soda.— Analogous  to  the 
potash-compound.     Delicate  needles.  (Berzelius.) 


Tin  and  Barium. 

Bj  heating  tin  to  whiteness  with  haryta,  strontia  or  lime,  and  charcoal,  Gay- 
Lsaac  and  Th^nard  did  not  succeed  in  forming  alloys  of  tin  with  the  metals  of  these 
ilkalis. 

A.  Stannate  op  Baryta. — Precipitated  on  mixing  baryta-water  or 
a  baryta-salt  with  aqueous  stannate  of  potash.  The  precipitate  produced 
by  bfl^yta-water  contains  20*9  (1  At.)  baryta  to  791  (4  At.)  stannic  acid, 
(fienelius.)  Moberg,  by  precipitating  chloride  of  barium  with  stannate 
of  potash,  obtained  a  heavy  white  powdcr=BaO,SnO'  +  6  Aq. 

B.  Sulphostannate  op  Barium. — Sulphostannate  of  potassium 
forms  with  baryta-salts,  a  light  yellow  precipitate  soluble  in  water. 
(Benelius.) 

C.  Iodostannite  op  Barium. — By  dissolving  stannous  iodide  in 
aqueous  iodide  of  barium.     Very  soluble  salt.  (P.  BouUay.) 

T.  D.  Chloeostannite  op  Barium.— BaCl,SnCl+ 4  Aq.  Prepared 
by  Poggiale. 

E.  Chlorostannate  op  BiCRiUM.— BaCl,SnCP  +  5  Aq.  Prepared  by 
Lewy.  T. 

F.  Hydrociiloratb  and  Stannite  op  Baryta. — Analogous  to  the 
potaBh-compound. 

Tin  and  Strontium. 

A.  Stannate  op  Strontia. — By  precipitating  stannate  of  potaeh 
with  strontia-water  or  a  strontia-salt. 

B.  Sulphostannate  op  Strontium. — As  with  barium. 

C.  Iodostannite  op  Strontium.— As  with  barium. 

T.  D.  Chlorostannite  op  Strontium. —SrCl,SnCl-i- 4  Aq. — ^Pre- 
pared by  Poggiale. 

E.  Chlorostannate  op  Strontium.— SrCl,SnCl*+ 5  Aq.— Prepared 
by  Lewy.  T. 

P.  Htdbochlobate  and  Stannite  op  STttoNTiA.»-Analogous  to  the 
potedMomponnd.    Delicate  needles.  (BerzcUos.) 
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TIX, 


Tin  and  Calcium* 

A.  Stannate  op  Lime. —  Slowly  precipitated  when  a  lime-aalt  ii 
mixed  with  stannate  of  potaah.     Contains  CaO,SiiO*-f  4  Aq.  (Aloberg,) 

B.  SuLPHOSTANNATE  OP  Calcium. — ^  Analogous  to  the  Wion 
compound. 

Tin  and  MAGNESttrii. 

A.  Stannate  of  Magnesia, — Stannate  of  potash  precipitates  fnm 
magnesia-salts  a  magma,  which  stops  up  the  filter  and  cannot  be  waabed* 
(Moberg.) 

IT.  B.  Chlorost ANNATE  OF  Maonesium. — MgCl,SnCl* -f  5  Aq.  Pt«- 
pared  by  Lewy.  IT. 

C.  Hydrocolorate  and  Stannite  op  Magnesia* — Similar  to  ll>* 

potxLsh-salt,     Dtdiqne  scent. 


Tin  and  Silicium. 

A.  SiuciDE  OP  Tin. — Tin  fuses  with  ellicium  before  the  blowpipe, 
formings  a  ductile  alloy,  which,  when  dijaHolved  in  acida,  leaves  a  amill 
quantity  of  silica.  (Berzeliua,  Pogg,  1,  220,) 

Qyadrosiliaite  of  Boda  precipitatea  hichlondo  of  tin,  but  not  Ums  pfO- 
tocbloride.  (Walckor.) 

B.  SiLico-FLiTORiDB  OF  TiN. — ^Long  prisms*  very  easily  soluble  in 

water*  On  evaporating  the  eoliUion  in  the  air,  the  stannous  oxide  ia 
converted  into  stannic  oxide,  and  is  precipitated  in  combination  with 
silica,  {Borzclins.)  According  to  Berzelius  {Pogg.  I,  200),  this  salt  coo* 
tains  protoHuorido  of  tin  ;  according  to  Berzelios's  Lehrhuch  (4,  532), 
the  contrary  {writing  the  formula  in  accordance  with  the  numl 
adopted  in  tbia  Band-book)^  it  is  SnF^,SiF^ 


Tin  anb  Tungsten, 


A.   TtTNosTATE  OF  Stannoitb  Oxidb,  or  Stannous   Tt?NosTAT«.— 

Monotungstate  of  potash  added  to  bydrochloratc  of  stannous  oxide  thK>w* 
down  a  yellow  powder,  which  givei?  off  water  and  tunis  brawn  whet 
heated,  and  biikea  together  at  a  rerl  hi^at.  Hydrochloric  acid  extraetf 
from  llie  powder  the  stannous  oxide,  which  then  converts  the  separaUni 
tung^tic  acid  into  blue  oxide*  The  salt  di^^solveB  in  oxalic  acid  and  in 
potash,  slowly  io  boiling  pho>^pharic  acid,  and  not  at  all  in  water.  (AoUion, 
J,pr.  Chem.  9,341.) 


SnO 
W0». 


ignited. 
»«     C7     ...     .%5*B3 
...  120     .       UU 


STANNATE  OF  CHROMIC-OXIDB* 
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B.  Stannous  Sulphotuwostate.  — SIlS,WS^ — Voluminoae  brown 
flakes,  (Berselios.) 

C.  Stannic  Sulfhotcngstate, — ^SnS',WS'.— Gr«yisli-jellow  flakes, 
(Berzelius.) 

Tm  AND  Molybdenum. 

A.  MoLYBDATE  OF  Stannic  Oxide,  Of  Stannic  Molybdate. — Gwy 
powder,  insoluble  in  water,  but  soluble  in  dilute  hjdrocbloric  acid  with  a 
blue,  ia  concentrated  bydrochloric  acid  vrith  a  green,  and  in  ai|ueous 
potasb  witli  a  brown  colour;  not  altered  by  nitric  acid,  (Berzeliii^>)  The 
blue  precipitate,  obtained  by  mixing  an  afkaliiio  molybdato  witb  stunnoua 
hydrocblorate,  or  by  placing  tin  in  contact  witb  niolybdic  acid,  water, 
and  a  very  small  quantity  of  bydrocbloric  acid — Richtcr  8  Blue  Cannine^ 
which  was  regurded  by  Bucbob  as  a  Tiiolybdanito  of  stannic  oxide — is, 
according  to  Berzeliu5»  nothing  more  than  a  mixture  of  stannic  molybdate 
ftnd  blue  oxide  of  molybdenum. 

I  B.  Stannous  Sulpoomolybdate. — Formed  by  precipitating  a  stan- 
nous  salt     Black  precipitato, 

C,  Stannic  Sulphomolybdate;.  —  By  precipitating  a  stannic  ealt. 
The  translucent  brown  precipitato  becomes  brownifib-grey  on  drying, 

f  D.  Stannous  Pebsulpuomolybdate.  —  Hydrocblorate  of  stannous 
oxide  is  completely  precipitated  by  an  aqueous  solution  of  the  potassinm- 
salt.  The  dark  brown  precipitate,  when  immersed  in  the  liquid  and 
exposed  to  the  air,  is  converted  into  Ej  and  dissolYCs  gradually,  forming 
a  red  solution, 

E.  Stannic  Persulphomolybdate, — Bed  precipitate,  slightly  soluble 
in  water,  in  which  it  forma  a  red  eolution;  hence,  when  it  is  precipitated, 
a  portion  remaim  djsaolved*  (Berzelius,  Po^^.  7,  287.) 

AlkoliDe  VatiadiatfM  give  no  precipitates  with  tin -salts,  Tlie  jrellov  mixture  of 
^&nftdiate  of  ammonia  with  hydrochloratc  of  stannous  oxide  loses  iU  colour  after  a  while; 
the  mixture  of  vaiuuUate  of  ainmoma  with  hydroohlorate  of  itauaic  oiide  remaixLS 
jeUow.  (Berxelius*} 


Tin  and  Chromium, 

A.  Stannatt  o/  Chromic  Oxide  f — a.  By  heating  chromate  of  stan- 
[|iic  oxide  to  bright   redness,   a  dark   violet   mass   m  obtained,   which 
(communicates  to  glazings  a  variety   of  tints,  from  rojje-red  to  violet. 
uLeykauf,  J.  pr.  Chtm*  19,  127.)  — 6.  Hi/per-acid  Salt.  —  Minei*al  iac^ 
tLacqve  minerale.     50  parts  of  e tannic  ojcido  very  strongly  ignited  with 
Jl  part  of  chromic  oxide,  yield  a  mass  consisting  of  fine  crystals  and 
I'ritreous  globules,  of  beautiful  and  very  durable  colour, — c,  Hiiperacid 
f  Salt  containiiiff  Stannate  of  Lime.  - — Puik-cohur.  —  100  |>art8  of  stannic 
oxide  are  strongly  ignited  for  somo  hours  with   ,34  partes  of  chalk  and 
from  1  to  1^  pt.  chromic  oxide,  or  3  to  4  chromate  of  potash   (perhaps 
also  with  the  addition  of  1  part  silica  and  1  part  alumina).     The  dingy- 
red  mass  is  washed  witb  water  containing  hydrochloric  acid,  and  thereby 
acquirer  a  beautiful  rose-red  colour.    It  is  soluble  in  rather  strong  hydro- 


^blorio  acid^  which  is  not  the  cnse  with  mineral  lac;  it  U  uaed  ta  pro- 
duce a  red  colour  ou  Faf/eiice,  (Mnhgiii'u  Amu  Chim,  Phyt,  61,  433,)^^H 
d,  I/^drattd  f — Monochromate  of  potash  added  to  hydrorhloral«  of  »taa!^B 
mom  oxido  throws  down  a  greeu  mixtaro  of  chioiiuo  oxido  ^od  at^HDic 
oxide.  (Grouvellc.) 

B.  Chromate  of  Stannous  Oxii>e.^ — When  hydrochlorate  uf  stan- 
notis  oxide  is  added  to  chromate  of  potash^  the  latter  bein;:j  in  excoss  aod 
tho  litjnid  ngttatetl,  chromate  of  stanuous  oxide  is  precipitated  in  yellow, 
curdy  flocks.  (Borxeliuij.)  On  the  contrary,  when  dilute  chromate  of 
potash  is  lidded  by  small  portions  nt  a  time,  and  with  constant  a^itatioi 
to  liydrochl orate  of  stannous  oxide,  a  greenish- white  precipitate  ia  pn 
duco<l,  prohaldy  consisting:  of  stannate  of  chromic  oxide.  If  the 
solution  contains  free  acid,  the  whole  remaina  diddolved,  forming  a  j 
iolution* 


C.  Chromate  ot  Stannic  Oxide. — Bi-bydrochlorato  of  stannic^ 

not  containing  any  further  excess  of  acid,   fonns  a  yellow  pr    " 
with  chromate  of  potash.     Tho  liquid  above  the  precipitate  ac<|Uii«« i 
oninKe-y«llow  colour,  in  conseqtienoe  of  the  liberation  of  eliromic 
— The  precipitate,   after  drying,    ia  brownish-yellow    and    trandueent, 
and  19  converted  hy  ignition  into  violet-coloured  stannate  of  chroouo 
oxide. 

Tin  and  Manganese. 

Staknats  of  Manqanous  Oxide. — White  powder,  which 
beoomot  dark  brown  by  exposure  to  the  air.  (Berielius.)     Aecardiag  t 
Moberg,  it  acquires  a  yellow  colour* 

Permanganate  of  j>ota$h  gives  no  precipitate  with  hydrodilojeaiQ 
stannic  oxide*  (Fromherz,) 


Tin  and  AnsBiric, 

A.  Absbnidr  OF  Tin. — 1.  When  pulv^erized  arseaio  is  stirred  alioitl 
in  inelted  tin,  combination  takes  place,  attended  witli  evolalioB  of  l^g^ 
and  heat.  (Gchkm,  A.  VogcL) — 2,  By  heating  tin  with  arseoioiift  wM^ 
(Gchleti.) — Whitv,  sonorous,  and  brittle,  if  the  tin  be  net  ia  too  gffil 
excetwj;  of  laminar  texture,  and  less  fudible  than  tin*  —  Gives  off  its 
arsenic  when  fused  in  an  open  tcsbgL  With  hydrochloric  a<?id  it  evolves 
arseniurettcd  liydro^^cn  gas.^When  it  ia  dis^^olved  in  hydroch?'  '^^  "^  "I. 
tibere  remains  a  black  compound  of  tin  with  excess  ol  amM  u 
inres  off  its  amemic  when  igmited,  and  Uieu  dissolves  agaia  m  aci^Tw  ^n 
alloy  rontiumng  exoeat  of  ansDMi  is  not  attacked  by  hyd^Mlikmc  umk 
{Svttbvifan.) 

B.  Afwntte  o/  *S^mfm  Omid&  or  AneniaU  of  ^SUimtKHm  CXttdcl-^ 
I.  Aiwpnic  nrttd  with  acflati  rfstaamons  oxide,  or  ar^niAta  el  p^taili  will 
hv<i  nous  oxide,  forms  a  whito  \  %  insalabb  itt 
w'mi  ^i.'H  in  uqnetHifi  arsenio  acid—  cxtai  kfitpgm 
Wfi^  evolved — lind  fomta  a  gelatlnens  maai.  (Sdieek^) 

C.  Stannoc^s  Silmiahsenitk,  -^By  moipitatiiif  hyifoMmml^  9l 
iltQtiottk  oxide  with  a  satarated  nolutioa  of  orpiinoal  m  liydMsaliiliala  it 
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Boda,     Tbe  dark  brown  precipitate  doe«  not  fuse  when  lioatod,  but  givaa 
off  part  of  lU  orpimeut,  aad  l^ves  &  grey^  metallic^  porous  piass. 

D.  Stannic  Solpoarsekite. — The  yellow,  gunimy  precipitate  ob- 
tained with  hydrochlorate  of  stannia  oxide,  becumea  oranLfe-yaOow  on 
dr}Mng,  yields  a  powder  of  a  fine  yellow  colour^  aad  beEavca  like  C 
when  heated.  (Berzeliua,  Po^^,  7,  1 47.) 

E.  Stannous  Sulpharseniate. — Both  the  hihasie  and  the  terbasio 
sulpharsonite  of  sodium  giro  dark  chestnut^brown  precipitates  with 
liydrochlorate  of  stannous  oxide, 

P*  Stannic  Sitlpharsentate. — Both  the  hibasic  and  terbasio  sodium- 
ealta  fumij  with  hydrochlorate  of  stannic  oxide,  pale  yellow,  gammy  pre- 
cipitates, which  etop  up  the  filter,  and  become  orange-yellow  on  drying. 
(Berzelius,  Po^^,  7,  2S.) 


I        Q,  Bichloride  of  tin  combines  with  terchloride  of  arsenic,  the  com- 
bination being  attended  with  evolution  of  heat.  (J.  Davy.) 


r 


Tin  and  Antimony. 

A.  Antimonide  op  Tin. — Formed  by  fusing  the  two  metals  together 
«^iti  which  case  the  combination  takea  place  without  evolution  of  light 
and  heat^ — or  by  fusing  sulphide  of  antimony  with  excess  of  tin. 

a,  12  pts.  tin  to  I  antimony.  The  alloy  called  PewUr,  used  for 
making  vessels  to  hold  liquids. 

Perfectly  ductile,  (Chaudct.) 
Produces  a  fine  tone.  (Kastner^  Kmtiu 


Less  ductile  than  tin;   sp,  gn  7*059. 
Brittlcj  less  laminar  than  antimony* 


I 


b,  1 0  pts,  tin  to  1  antimony. 

c,  7  pts.  tin  to  1  antimony. 
Arch.  10,  324.) 

d*  3  pts.  tin  to  1  antimony. 
(Chaudet.) 

e.  1*5  pts.  tin  to  1  antimony. 
(Gehleo.) 

/.  1  pt,  tin  to  1  antimony.  Extremely  brittle;  easily  pulverized;  sp. 
gt.  6 '803.  (Chaudet.) 

The  ductile  alloys  are  rendered  brittle  by  the  addition  of  a  small 
quantity  of  lead.  If  the  quantity  of  tin  he  not  lesa  than  Ji  thue^  as 
great  as  that  of  the  antimony,  boiling  hydrochloric  acid  uxtmcta  the 
whole  of  it  (with  evolution  of  antimoniuretted  hydrogen1)|  and  leaves  the 
antimony  in  the  form  of  a  black  powder.  (Chaudet^  Ann,  Chim,  Fhys.  3, 
376;  2XmJ!f.  Tr.2,  1,  167.) 

B.  Antimoniate  of  Stannic  Oxide. — When  hydrochloric  acid  in 
which  antimonic  acid  iind  jstannic  oxide  are  dii^ifolved  together,  i«  diluted 
with  water,  the  two  metallic  acids  are  precipitated  in  comhiaatiori,  and 
the  liquid  loses  nearly  aU  the  metal  that  it  contained,  (Theuard.) — If 
tin  on  the  one  hand,  and  antimouy  on  the  other,  be  heated  wiih  excess 
of  nitric  acid,  till  red  fumes  ure  no  longer  given  otT,  and  tho  two  liquids 
be  then  mixed,  the  two  white  powders  therein  contained  are  converted 
into  a  yellow  powder,  with  ftQsh  evolution  of  nitrous  vapours, — he^jau^tr 
the  antimoniat^  of  antimonic  oxide  [uitrato  of  antimonic  oxide]  formed 
from  the  antimony,  becomes  oxidized  and  converted  into  antimouic  acid, 
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wbicli   tlieu  unitetj    with  tbo  staunoEd   oxide    [stannio  oxlJe].    (Levol, 
N.  Ann.  Ckim.  Phys,  1,  504;  also  /,  pr,  Chan,  24,  253.) 

C.  Stannous   Sitlphantimoniati:.  —  Schlippe's  salt  gives    a  dark 

brown  precipitate  with  hytJrochlfirate  of  stannic  oxide.  (Raramelsberg.) 


Tin  anb  TELLunttiM. 
A*  Tellubide  op  Tin, — Tellurium  fusee  with  tiu* 

B.  Stannous  Sitlpiiotellurite. — The  lirowu  precipitate  tuniB  hUA 
ou  drying,  and,  when  heated  in  a  retort,  givea  off  sulphur,  and  i«  oon* 
verted  itito  a  grey  mass  having  the  metallic  lustre, 

C.  Stankic  Sulphotellurite.  —  The  precipitate  is  dark  brown. 
(Berzelius*) 

Tin  and  Bismuth, 

A.  Alloys  of  Tin  and  Bismuth. — An  aOoy  of  177  parts  (*J  At.) 
of  tin  and  213  parU  (1  At.)  of  biamuth,  ivhen  cooled  from  a  state  of 
fusion,  oxhibits  but  one  solidifying  juvint — inasmuch  as  it  first  coel« 
regularly  down  to  143^,  and  then  reuiiiins  at  that  temperature  for  a  con- 
eiderablo  time,  till  the  latent  heat  set  free  in  the  solidifictitioii  of  the 
alloy,  has  had  time  to  escjipe.  But  all  other  alloys  of  these  metuls  like- 
wise exhibit  a  higlicr  eolidifying-  point  (which  may  be  distinguished  ai 
the  Point  of  Separatioii)^  inasmuch  as  tlie  excos«  of  the  one  or  the  other 
metal  [or  rather — since  the  point  is  variable — another  definite  alloy  con- 
taining an  excess  of  one  of  the  two  metab]  solidifies  first,  and  afterwards, 
at  143^  the  hitherto  fluid  alloy  containing  Sn'Bi.  The  higher  solidify- 
lug  point,  or  pciiut  of  separation,  is  190°  for  Sn-Bi,  160^  for  Sn*Bi,  150* 
for  Sn-Bi;  170^  for  Su^Bi^  and  IDO'  for  SnBi.  (Rudl>erg,  Po<r}/,  18,  240.) 

a,  40  parts  tin  to  I  bismuth;  perfectly  ductile;  the  addition  of  I  part 
uf  lead  diminishes  its  extensibility. 

L  25  parts  of  tin  to  1  bismuth.     Slightly  ductile.  (Chaudei«) 

c*  8  parts  tin  to  1  bismuth.     Fuses  at  lOO*^.  (Lewis.) 

d.  3  parts  tin  to  1  bismuth.  Pulverizablc;  of  dull  grey  fracture,  an^ 
Bpecific  gravity  7'77t>.  Gives  up  all  its  tin  with  a  small  quantity  of 
bismuth  to  heated  hydrochloric  acid-  (Chamlet.) 

e.  2  parts  tin  to  I  bismuth.     Fuses  at  166^.  (Lewis.) 

/  230  parts  (4  At.)  tin  to  213  partvS  (1  At.)  bismuth.  Sp.  gr.  8'085, 
(Regnanlt.) 

5^.  1  part  tin  to  1  bismuth.  Perfoetly  brittle;  pulverlxable;  r»r 
grained  fracture;  sp.  gr.  8*:J4j.  ^Chaudet.)  Fuses  at  138  .  (L 
Exjwinds  strongly  in  solidifying.  (Marx.)  With  hydrochloric  i 
behaves  like  d,  fOhaudct,  Ann.  Chim.  Pfnjs.  5, 1 42;  also  X.  Tr.  2,  2, 

A,  177  prs.  (3  At.)  tin  to  213  pts.  {1  At.)  bismuth.  Fums  W|w««i» 
ISl^and  137''.  (Dobcrcincr,  Kastn.  Ai'ch.  3,  90. J 

;.  118  pts.  (2  At.)  tin  to  213  pts,  (I  At)  bismuth.  Sp.  gr.  8-75$ 
(HegnauU.) 

B.  Alloy  of  Antimony,  Bismuth,  and  Tin. — 236  parU  (4  At) 
tin  to  213  pts.  (I  At.)  bismuth,  and  !2D  pts  (1  At.)  atilimoity.  Sp<  gf. 
7*8i*3  at  20".  (Regnautt,  -4n«.  CAim.  7%*.  76^  136.) 
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Tin  and  Zinc, 

A.  Alloys  op  Tin  and  Zinc. — These  two  metals  fuse  together  with 
ease;  the  alloy  is  harder  than  either  tin  or  zinc,  and  less  extensible  than 
tin.  Sn*Zn  has  but  one  solidifying  point,  viz.,  at  204°.  (Compare  the 
observations  made  with  reference  to  Bismuth  and  Tin.)  The  other  alloys 
exhibit  in  addition  a  higher  solidifying  point;  which  varies  according  to 
the  nature  of  the  alloy.  (Rudberg.) 


Sn»2Zn 

Sn«Zn 

Sn«Zii 

Sn^Zn 

Sn2Zn 

SnZn 

Variable  point .. 

..     210**    .. 

...     230'     .. 

..     2,50'     .. 

..     280*'    .. 

..     320'* 

Fixed  point 

..     204**    .. 

..     204'     . 

...     20r    .. 

..     204°     .. 

..     204''     .. 

..     204** 

B.  Stannatb  op  Zinc-oxide. — Stannate  of  potash  yields  ,with  zinC' 
salts^  a  white  precipitate  composed  of  ZnO,SnO*  +  2 Aq.  (Moberg.) 

Other  Compounds  op  Tin. 

With  Lead,  Iron,  Cobalt,  Nickel,  Copper,  Mercury,  Silver,  Qold, 
Platinnm,  Palladium,  and  Iridium.  As  tin  makes  these  metals  brittle,  it 
was  called  by  the  alchemists,  Diabolua  Metallorum. 


Chapter  XXXI. 

LEAD, 


Bucholz.     Lead-oxide  and  its  salts.     A,  Geld.  5,  253. 

Thomson.     Oxides  of  lead.     A.  Gdd.  4,  92. 

Berzelius.     Gilh,  166  and  186;  46,  131.     Further:  Schw.  7,  7L 

Winkelblech.     Oxides  of  lead.     Ann.  Fharm.  21,  21 ;  also  J.  pr.  Chem. 

10,  227. 
Bromeis.     On  the  salts  produced  by  the  action  of  lead  on  the  nitrate  of 

lead-oxide.    Ann.  Fharm.  72,  38. 


Synontmes  : — Blei,  Flomhy  Flumhum,  Satumus. 

History. — Known  from  the  earliest  times. 

Sources, — In  the  metallic  state? — as  red  lead;  as  peroxide;  as  car* 
bonate,  phosphate,  sulphate,  selenite,  tung.state,  molybdate,  vanadiate, 
chromate,  and  arseniate  of  lead-oxide;  as  aluminate  of  lead-oxide;  as 
chloride  of  lead,  sometimes  united  with  oxide  or  carbonate;  as  selenide  of 
lead;  as  sulphide  of  lea<i^  either  alone  or  associated  with  other  metals,  as 
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in  Fcat!ier-ore,  Zinkenite,Boalangerite,  Plagioniie^  Jamesonite^  Geocronil 
Needlo-ore,    Kobellitc,   Bouraonite,  and  Antimonial  Copper-glance; 
lelluritle  of  lead»  aometiiiiea  associated  with  other  tnebUsj  as  in  Folml 
Teliuriuni  and  White  Tellmium.     Traceii  of  lead  have  beea  fouud  iu 
water  (^\  Ann,  Chim,  Phys.  28,  129);  m  coal  (Chem^  Sqc.  Qu,  J, 
md  in  the  blood  of  aaimals  {Jahrt^^cr,  X.  i:  E,  /.,  874). 


or  i^ 


Preparation  on  tht  large  scale, — 1.  Native  carhoDate  of  leadp  or 
ficiallj  prepared  leatl-oxide,  e.  ^,  litharge,  i^i  fused  in  a  ameltiug 
reverberatory  furnace,  iu  contact  with  charcoal,  and  often  with  tbc 
addition  of  lime, — 2.  Galoiia  i«  freed  from  part  of  it«  sulphur  by 
roa«tiug,  cither  in  heaps,  or  on  hearths,  or  in  calcining  furnaces,  and  tbc 
roasted  ore,  constituting  of  lead,  Icad-oxtde,  fiulpbate  of  lead-oxide,  and 
undeconiposed  ^ulpbido  of  lead,  is  fused  in  contact  with  charcoal^  and 
generally  with  addition  of  lime,  iu  a  smelting  or  a  reverberatory  farnioo 
— -whereby  metullie  lead  and  slaga  are  produced,  and  mixed  wiili 
tbcni,  a  c|uantity  of  iindecomposed  galena  {Icadsfvne)^  wfaicb  is  apya 
roasted  and  fa^ed.  Or  the  ttnroa«ted  galena  m  ameltcd  in  a  furnace  wit^ 
iron,  iron-cinder,  or  an  oro  of  iron,  %vhereby  metallic  load,  ^l^gB,  and 
pkmhiferouH  sulphide  of  iron  aro  obtained;  the  latter  is  foatft^d  and 
luaed  a  aecond  time. 

Tiio  lead  thus  obtained  from  the  orCf  called  Pig-Uad  {WcrMM), 
frequently  contains  gold  and  silver,  to  separate  which  it  ie  oxidiJied  ea 
cupels,  on  which  the  gold  and  silver  are  left»  The  lead  oxide  thitfi 
obtained,  called  Litharge  (Bleigldtte)^  is  reduced  as  in  (1) — the  prooen  is 
called  the  Eejininy  of  Litharge  {dus  QiaUe-Frinch:n) — ^and  yieltb  Il^(mi 
Lead. 

Purification. — 1.  Nitrate  of  lead-ox Idc  purified  by  repeated  crystal- 
lization is  ignited  in  an  earthen  crucible  to  expel  the  nitric  acid,  and  the 
resulting  oxide  reduced  by  charcoal — 2.  Oxalate  of  lead-oxido  ignited 
alone  in  a  covered  cruciblo  yields  lead  free  from  charcoal.  (Wiukelbleoh*} 
3,  Solution  of  sugar-of-lead  is  precipitated  by  sulphuric  acid  (in  whi<4 
process  tbo  aeetic  acid  may  likewise  be  obtained  from  it),  and  the  sulphate 
of  lead-oxide,  after  thorough  washing,  is  strongly  ignited  in  a  covertd 
crucible  with  2  At.  charcoal  (Berthier);  152  parts  of  lcad*siilpbat« 
intimately  mixed  with  12  parts  of  charcoal  powder.  The  eaitta  indi 
may  likewise  be  obtained  b^  igniting  at  a  lower  temperature  3  parti  of 
lead-sulphate  with  4  part^oi  potajshand  1  part  of  charcoal, — t^r,  aceordiof 
to  A.  Werner  {J.  pr.  CUetn,  13,  11)1),  IG  jiarts  of  lead-sulphate  wiih  9 
parts  of  CL ill-saltpetre,  4  of  resin,  and  4  of  charcoal  powder,  till  the 
aiajM^  after  deiagration,  yields  no  more  bubbles. 


Properiiei. — C'rystallizes  in  regular  octohedrons.     Moiigea  o\ 
lead,  by  slow  cooling,  in  four^eided  pyramids;  Braunsdorf  (./.  pr,  Q 
1,  120)  obtained  wolldefined  octobedrons;  and  Marx  (Sdtw.  57,  I     * 
allowing  a  considerablo  quantity  of  melted  lead  to  cool  till  ha 
stjlidified,  then  making  a  bole  in  the  crust  and  pouring  out  the  still 
portion,  obtained  it  in  fern  like  forms  similar  to  tho&e  in  whielti 
ammoniac   cryfttallizci?.      Specific   gravity    ir330,5   (Kupffer) ;    ll'Si 
(Brisfion,  Hercpath);  11-358  (Morveau);  11*3888  (accordiuff  Ui  Kar^ 
when  purified  by  method  1);  11-445,  when  in  the  utn 
of  purity  (Beneliu^)*     Accord ing  to  Morveau,  tbt' 
raiher  djmiuished  than  iucrea*»od   by  bammenng,  iu 
|4inttaiio&  of  cxacke;  if,  however,  the  mt;tai  is  preveni. 
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SUBOXIDE  OF  LEAD.  ^^^  JO^ 

OB  dther  eide^  ita  density  increases  from  11*358  to  11-388.  Lead  k  soft, 
very  tough,  and  niakea  a  nmrk  on  paper;  it  may  easily  bo  cut  witli  a 
knife  or  rolle#l  into  plates,  but  not  drawn  into  thin  wires.  By  repeated 
fusion  in  an  open  Yesael,  it  \b  rendered  harder  and  more  brittle,  because 
it  becomes  mixed  with  oxide.  (Cariolts,  Ann.  Cklm*  Phys.  44,  103.)  It 
has  a  bluish-grey  colour  and  strong  lustre.  Fuses  at  202''  (Biot),  at  282° 
(Newton),  at  312^  (Morvoau),  at  322"  (Dalton,  Grichton),  at  325^ 
(Rudber^),  at  334"  (Kupfler),  Begins  to  volatilize  at  a  very  strong  red 
heat,  and  boila  at  a  white  heat. 

Atomic  tceif^ht  of  Lead ^  103-5(i,  (Bcrzeli  ua,  Po^^,  19,  300,) 

Compounds  of  Lead. 

Lead  and  Oxygex, 

A.  Suboxide  of  Leadt  Pb^O, 

Rem&iDs  when  oxalate  of  lead^osido  is  cautiously  heated  in  a  retort 
from  which  the  air  is  excluded*  (Dulong.  Sckw^  17,  229;  Boussingault, 
Anti,  Chiftu  Fkif$.  70,  108;  also  J,  pr,  Chem,  2,  162;  Pelouze,  Ann* 
Chim,  rhfjs,  70,  108;  also  J,  pr,  Chein,  25,  486.)  The  retort  must 
he  heated  in  the  oil-bath  to  a  temperature  not  exceeding  300',  the  heat 
being  continued  as  long  as  any  gas  is  given  ofTi  the  gas  thus  evolved  is  a 
mixtore  of  1  vol.  carbonic  oxide  with  3  vol.  carbonic  acid,  excepting 
towarda  the  end  of  the  operation,  when,  if  the  heat  bo  somewhat  increased 
in  order  to  finit^h  the  decomposition,  the  gas  evolved  becomes  eomewhat 
richer  in  carbonic  acid.  (Pelouze.)  The  whole  is  suflTercd  to  cool  before 
the  suboxide  is  removed.  It  forms  a  black  powder,  sometimos  dull, 
aametimes  having  a  velvety  luistre.  (Ptdouzc.)  It  contains  no  mctalUo 
lead,  for  mercury  extracts  nothing  from  it,  either  dry  or  under  water. 
(Boufisingault,  Pelouze.)  Neither  doca  it  contain  any  yellow  oxide  of 
lead;  fur  the  a*[ueous  solution  of  common  augar-of4ead  does  not  extract 
any  lead-oxide  from  it  on  boiling.  (Pelouze.)  But  tho  suboxide,  when 
belated  to  dall  redne^^n,  out  of  contact  of  air,  is  resolved  into  a  greenish^ 
yellow  mixture  of  lead  and  the  yeEow  oxide*  (Bousaingault,  Pelonze.) 
After  this  treatment,  mercury  extracts  lead  from  tho  subetauce,  and  a 
boiling  Aolution  of  sugar-of-lead  or  acetic  acid  leaver  the  lead  in  tho  form 
c»f  a  net-work,  which,  when  presided  together  between  the  fingers,  forms  a 
deiLte  nuLBA  having  the  metallic  lustre.  (Felou?.e.)  When  heated  in  the  air 
it  takes  fire  and  burn«  w^itb  a  glimmering  ligbt,  producing  103  (J  parts  of 
yellow  uxide,  accordiug  to  Bou^siDgault;  and  from  103*6  to  103*7 
ac4!ordltig  to  Pelouze.  Dilute  sulphuric,  nitric,  hydrochloric,  or  acetio 
1,  resolves  the  suboxide  into  yellow  oxide  which  combines  with  the 
',  and  very  tincly  divided  metallic  lead,  (Bousaiugault,  Pelouze,)  The 
\  effect  is  produced  by  a  solution  of  mououitrate  of  lead-oxide;  a  hot 
lolntiou,  on  the  contrary,  takes  up  the  whole  of  the  suboxide  and  forms 
b«sic  nitrate  of  lead-oxide.  (Pelouze.)  Tho  suboxide,  when  moistened 
with  water,  rapidly  absorbs  oxygen  from  tho  air,  and  is  converted  into 
the  whit  '  V  ^  d  uxide,  the  action  b^lng  attondt-d  w*itb  rise  of  tt^mpe- 
raturc.  ,ault,  Pelouze,)     A  mixtuie  of  finely  divided  lead  and 

lithafge  due&  nut  yield  the  same  re&ult,  (Pelouze.)  Winkelblech,  by 
heating  oxalate  of  lead-oxide,  obtained  a  grey iih- black  powder  which 
toutaiued  at  most  1  per  cent*  of  oxygen,  and  from  which  mercury  did- 
wlved  lead;  it  was  therefore  a  mixtures  of  lead  with  a  small  (quantity  of 


lot 

tlie  jpUow  oxitle.  Ttus  asoiximlous  re?alt  ia  altribnted  by  Peloiixe  to  tU 
too  great  heat  wLich  Winkelblech  Applied  to  tbe  oxalate.  Tbe  grej  fihn 
whicb  iQrms  on  the  snthkce  of  lead  beatod  to  a  temperature  eliort  of  the 
melling  pomt,  b  Ukewiae  regaided  hj  Berxeliiu  as  a  soboxide, 

CSilealilnw,  accordzn^  to  Baasdii§?mdt  i 
2Pb   ™, ^        20d        


PbK>. 
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B.  Lead-Oxide.    PbO. 

Ptvtojnde  of  Lead,  TtlUm  Oxide  afZead,  Momicoij  (heidt  PI 
Mdojeyd. 

Formtstum*  1*  Lead  heated  in  the  air  till  it  volatilizes  bums  wit 
white  tigfat^and  is  converted  into  this  oxide:  Floufertof  Lead,  Bleiblun 
Florts  Flnmbi — Lead  rednced  in  thin  metallic  laminae  by  the  action  cf 
hydrogen  gaa  at  a  gentle  heat  on  finely  crystalline  lead  oxide,  reniaxni 
unaltered  in  the  air  at  ordinary  temperatnres,  bat  takes  fire  when  heated, 
and  bums  with  a  feeble  glow  till  it  is  converted  into  the  protoxide. 
(Winkelblech.)— Lend,  when  heated  in  the  air,  becomes  covered  with  a 
grey  film,  and,  if  the  surface  be  continually  renewe«l,  \s  wholly  eon  verted 
into  Lead-ash  (^Bleia^e)^  a  yellowi^^h-grey,  pulverulent  mixture  of 
metallic  lead  amd  yellow  oxide^  which,  if  heated  in  the  air  for  a  longer 
lime,  is  wholly  converted  into  the  latter. ^2*  In  dry  air  at  ordinary 
temperatures  lead  retains  its  lustre;  in  damn  air^  it  becomes  dull^  annsi- 
ing  firbt  a  ycllowi^h-brown,  then  a  blue,  and  la«tly  a  grey  tint.  (Bonsdori^ 
Foif*/,  41,  305.)  Under  wtkier  in  an  open  veMl»  lead  is  converted  into 
the  bydrated  oxide  which  partly  dissolves  in  the  water,  and  by  abeorblog 
carbonic  acid  from  the  air,  is  transformed  into  the  hj^d rated  carbonala. 
Cuttings  of  lead  placed  iu  a  closed  v^»el  with  water  and  air  freed  from 
carbonic  acid»  and  left  at  rest,  form  white  flakes  of  hydrated  leadH»xi4«^ 
and  the  water  becomes  saturated  with  that  oxide.  If  the  vessel  be  chaktii 
fur  half  ati  hour^  no  hydrate  is  formed,  but  the  lead-cntttnge  become 
covered  with  t^uboxide,  and  in  that  ea^^e,  aerateii  water  exerts  no  further 
action  upon  them,  even  if  carbonic  acid  be  likewise  preeent.  (BousdorC) 
When  lead  in  contact  with  water  is  exposed  to  the  open  air,  white  clouthi 
of  hydmted  oxide  consisting  of  soft  silky  scales  are  soon  formed  (Wetilar, 
■S*c^tf^.  ^4,  324*)  Platinum  wire  wound  round  the  lead-plate  aeeelenlet 
the  oxidation.  (Fischer,  £a$in.  Ai-ch.  \7,  382,)  These  white  aealweoft- 
ftist  of  hydmteil  carbonate  of  leadnixide;  if  the  access  of  air  is  but  Mftkl, 
and  couse<jue*ntly  the  process  goes  on  slowly,  the  comjiound  b  obtati>td 
in  silky  lamina.'.  The  finest  cryt«tals  are  obtained  by  cutting  some  livMt 
places  on  a  piece  of  lead  tarnished  by  exposure  to  the  air,  and  IMI 
imn  '  *f  in  water;  a  silky  vegetation  then  forms  on  tl  '  *  r  p^ftt 
of  und  on   removing  this  formation,  the  snrfiic*  to  W 

marked  w  itU  crystalline  devices  (tnoire).  Bonsdorf, — ^In  water  coutaioiof 
a  tmoe  of  sulphate  of  pota^^h,  nitre^  or  common  s:dt,  lead  merely  beeomii 
marked   with  a  few   isolatrd  f^{>ot8;  and  if  the  water  contains  a  Ur 
«on  of  etalt,  only  a  t<light  tamishiug  is  produced.  (Wetalar.) 
tiouM,  oxidation  goe;)  on  more  slowly  than  in  pure  water, 
tg  product  is  not  a  loose  powder,  but  a  f^t  of  lead  olosdj 
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adhenug  to  tbc  surface  of  the  metal.  (Fisclier.)  Nitrates  prevent  the 
white  turbidity  only  when  they  arc  iu  Invge  quantity;  of  other  salta, 
email  quantities  are  sufficient:  the  purer,  tht^refore,  flio  water^  the  moro 
does  it  become  turbid  by  exposure  to  the  air  iu  contact  with  lead- 
cuttings,  (Bonsdorff.) — 3,  Lead  decomposes  vapour  of  water  at  a  whito 
heat  and  is  converted  into  the  protoxide,  (Regnault,  Ann,  (Jhim.  Fhf/s. 
62,  363,)  It  does  not  decompose  water  at  a  red  heat  (Bonsdorfl*); 
neither  does  it  decompose  water  acidulatoil  with  ^ulphui^ic  acid  at  a  boil- 
ing beat;  but  with  boiling  bydroebloric  acid  it  evolves  hy<lrog^en  gas. — 
4,  With  nitric  acid  and  heated  oil  of  vitriol  it  yields  a  lead-salt. 

Preparation  on  tht  large  scale. — 1,  Massicot  is  obtained  Ijy  boating 
lead  to  low  redness  on  a  flat  hearth,  and  continually  removing  the  film 
of  oxide  as  it  forms,  till  the  lead-aiih  at  first  obtained  is,  for  the  most 
part,  conrerted  into  the  yellow  oxide  ;  the  latter  is  then  freed  from  the 
still  remaining  metallic  portion.^  by  grinding  and  Icvigation. — 2.  Litharge 

th  obtained  in  the  oxidation  of  pig-kad  contahiiiig  gold  and  silver — the 
resulting  lead-oxide,  which  is  generally  contaminated  with  silica,  feiTic 
oxide,  cupric  and  cuprous  oxide,  autimonic  oxide,  and  other  oxides,  is 
fused  by  ibo  high  temperature,  and  solidities  in  a  scaly,  sliining  maas, 
sometimes  of  a  yellowish  tint  {Argyritis^  Siller-f/latte),  sometimes  rather 
inclining  to  red  (C/iri/Hlis^  Goldglilite),     The  oxides  of  copper  may  be 

■  completely  removed  by  digesting  the  levigated  litharge  with  aqueous 
iolntion  of  carbonate  of  ammonia.  (Blacbof,  S<:hu\  C4,  05),^ — The  anti- 
monic  oxide  is  left  beliiud  on  dlsi^olving  the  litharge  in  boiling  nitric 
acid,  and  may  then  bo  dissolved  in  hydrochloric  acid.  (Anthon,  Report, 
58,  387.) — ^   The  difference  between  red  and  yellow  litharge  is  attri- 

buted  by  Leblanc  {X.  J,  Pharm,  8th  Sept.,  1845)  to  a  mere  diversity  of 

B physical  structure,  not  of  chemical  composition;  for  cither  modification 

"may  be  obtained  at  pleasure  by  properly  regulating  the  tempenituro  and 

the  rate  of  cooling;  the  red  variety,  which  is  specifically  lighter  than  the 

yellow  and  more  crystalline  substance,  is  formed  most  abundantly  when 

the  cooling  is  slow*  % 

Preparation  on  (he  smuU  scale.     By  gently  igniting  jiure  crj^stallizod 

tBitnite,  or  perfectly  pure  carbonate  or  oxalate  of  lead-oxide,  in  a  vessel 
to  which  the  air  has  access. 

Properties*  Lead-ox i'le  appears  to  be  both  <limorphous  and  amor- 
phoaa.  It  occurs  in  pale  yellow  rhombie  octobcdrons  (or  ilode^-uhe- 
QTonsI)  and  cnbes^  and  a  red  amorphous  powder, — By  the  foHowiuir  jiro- 
eeases,  leafl*oxide  maybe  obtained  in  the  crystalline  state:  L  By  slow 
eooHng  after  fusion.  Litharge  wlien  quickly  cooled,  solidifies  in  a  ulihs  of 
crystalline  scales;  but  the  portion  which  remains  ou  the  niuflle  some- 
times crystallizes  iu  yellow,  translucent,  six-sided  tables  (Marx);  in 
r  rhombic  octobcdrons  with  a  distinct  plane  of  cleavage  ( Mit^cberlicb);  in 
rhombic  dodecahedrons,  the  angles  of  which  are  indefinite,  in  consequence 
[>f  the  curvature  of  the  faces  (Gaultier  de  Claubry  ifc  Beudant,  Ann. 
Chim.  Phys.).  White  lead  fused  by  the  blowpipe-llame  on  a  copper  plato 
f©r  other  non-reducing  support,  crystallizes  in  scales  on  cooling;  but  from 
Ithe  middle  of  it  there  generally  shoots  out  a  nm!?s,  half  a  line  long,  tome- 
llimes  in  the  form  of  a  trianguhir  pyramid,  sometimes  in  that  of  a  nearly 
Iperfect  rhomboidal  dodecahedroUj  of  a  hyaciuth-red  tint  while  hot,  becoui* 
'ig  wulphur-yellow  and  translucent  as  it  cools,  and  opaque  and  dull  when 
erfectly  cold.     Thi**  alternate  fusion  and  crystaliiifiation  may  be  repented 
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ecveral  timee. — ^.  By  fasion  vitli  hydrate  of  {>otash.  If  1  part  of  leiid- 
oxide  and  from  4  to  6  of  hydrate  of  potoah  bo  fua^d  for  a  sUurt  ttnie  in 
a  silver  crucible  at  an  incipient  red  heat,  and  the  mass  after  cooluig 
exhausted  with  water,  the  lead-oxide  remains  in  tbo  form  of  CTtbe«  Mid 
square  tables.  (Becqnerel,  A^in.  Chtm,  Ph%f$.  51,  105,)  — 3.  By  trcattng 
lead-oxide  with  potash  or  soda-ley.  From  a  solution  of  lead-oxido  la 
aoda-ley,  saturated  while  liot,  placed  in  a  stoppered  bottle,  and  then  left 
to  itself  all  through  the  wi titer,  tho  Icad-oxide  cryatallizes  in  small,  wliite» 
tlTinsluccTit  rhombic  dodecahedronii?.  (Houton-Labillardicre,  J,  Phamu  3, 
335.)  The  crystals  are  rhombic  wtoliedrous,  having  the  same  angles  18 
those  obtained  by  fusion.  (Mitscherltch.)  Strong  boiling  potash-lev  satu- 
rated with  lead-oxide,  yields,  on  cooling,  yellow  scales  similar  to  lbns«  of 
litharge;  if  the  potash-solution  is  les.^  fully  saturated  with  lead-oxide,  or 
if  it  has  deposited  the  excess  of  that  oxide  in  scales,  no  further  deposltioa 
takes  place  till  after  perfect  cooling,  whereupon  red  ecaloa  are  thrown 
down,  perfectly  soluble  in  acetic  acid,  and  therefore  free  from  minium;  if 
these  scales  are  heated,  they  turn  yellow  on  coolitig.  Hence  it  appoifi 
tlmt  litharge  may  have  a  red  colour  without  containing  minium  or  rH 
oxido  of  copper.  (MitacherliLdi,  J.  }n\  Chem.  If*,  451.)— Boiling  soda- ley 
of  40' — 4r  B.  saturated  with  hydrate  of  lead-oxide,  yields  roee-red 
crystals  of  that  oxide  on  cooling.  These  crystals  yield  an  orango-rcUoir 
powder,  similar  to  that  of  litharge.  At  about  400^  they  torn  'black, 
increase  in  bulk,  decrepitate  with  loss  of  O'l  per  cent  of  water — and 
when  heated  to  low  redneesj  assume  a  sulphur-yellow  colour  wlthoat 
changing  their  form.  While  still  in  the  red  state,  they  dissolve,  thoogli 
very  sparingly,  in  nitric  acid,  either  concentrated  or  dilute,  (Calvert.) — 
If  hydrated  lead-oxide  he  boiled  with  a  quantity  of  acpieous  alkali  not 
auflicient  to  dissolve  it,  the  uudissolveti  portion  becomes  converted  into 
crystalliue  anhydrous  oxide;  the  resulting  solution  when  evapamt*d^ 
yiehlfl  more  crystals  of  the  anhydrous  oxide,  ditftiugnished  from  the  for- 
mer portion  by  their  ea^^y  soliihility  iu  alkalis  even  when  dilute.  (Frcmy. 
N,  J,  Phann,  3,  30.) — 4.  By  precipitating  a  lea<l-salt  with  excesa  <*f 
alkali.  Solution  of  sugar-of-lead  mixed  with  excess  of  ammonia  and 
iixpoaed  to  tho  sun  for  a  few  daya,  yields  olive-green,  very  hard  cryalal^ 
of  anhydrous  oxide.  (TunnermaDo,  Eoitn,  Ar<Ju  11),  330.)  Behreas 
{N,  /.  Pharm.  4,  18)  su|>ersaturates  the  sugar- of-lca*l  solution  wiUi  a 
quantity  of  ammonia  sulficient  to  re-dissolve  tho  precipitate;  filten  to 
BCpanito  any  carbonate  of  lead-oxide  thai  may  have  been  fonn<?d;  patf 
the  filtrate  mto  a  stoppered  bottle;  and  expOMCM  it  to  the  rays  of  the  «i». 
After  a  few  hours,  transparent  crystals  make  their  np]>eafafice,  coloartcM 
at  first,  but  afterwards  becoming  yellow i«»h,  and  finally  vcllawiah-|^ 
Their  powder  is  white,  but  assumes  a  dark  brown-red  colour  after 
Iritumtion. — 4  measures  of  sugar-oMoad  solution  sataratcd  al  30%  i 
with  100  measures  of  boiling  water,  and  theu  with  45  mcMima  of  aow 
ammonia,  deposit,  in  the  course  of  half  a  minute,  a  larg^  namber  of  i 
deficate,  yellowish- white^  rhomboidal  laminio,  having  a  silvery  tastre  \ 
united  in  tufts;  these  lamina}  must  be  separated  by  levigatioa  from  tli^ 
eryiftailine  grannies  of  liydrateil  oxide  which  fall  down  at  the  aamo  tiaii^ 
then  washed  with  l>oi1)Dg  water,  and  dried  in  vacuo.  WI1011  i«MiaJ| 
they  do  not  give  off  any  water — or  only  a  trace  of  it.  with  di  liiinutoliM 
— neither  do  they  lo^  tliMr  transparency.  They  may  bo  obtaittii  pMi 
nut  admixture  of  hydrate,  by  boiling  100  moasuroeof  a  saturaied  aolaliai 
of  tnn-acetato  of  l«Ad-oxide  with  50  tnea^arot  cf  water,  ailding  llMrrtaa 
mixinro  of  50  mcairarf^  of  water  at  gO%  and  8  measurea  of  ooaMtf 
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atnmoniA,  and  heating  tlie  mixture  in  the  watcr-batlu     Tn  the  conrse  of  a 

i  minute,  crystals  of  the  oxide  separate,  free  from  hydrate,  the  formation 
of  tlio  latter  boinp^  prevented  by  the  bigli  temperature.  (Piiyen,  Ann* 
Ckim,  Fhyg.  CO,  5i;  nlso  J.  pr,  fjhim,  13,  485.)^By  mixing  at  a  boiling 
heat  the  solutions  of  1  At.  gtugar-af-lead  and  1  J  At  potash  in  a  tenfold 
quantity  of  water,  the  oxide  is  obtained  in  delicate  reddi»h-jello\r 
ipangle^  having  the  metallic  lustre,  (Winkelblech.)  If  solution  of  eiigar- 
of-lead  be  dropt,  with  agitation,  into  strong  lime-water  heated  to  88'',  till 
crystalline  scales  make  their  appearance,  and  a  small  cjuantity  more  be 
then  added,  the  scales  increase  rapidly  in  number  *ia  the  liquid  cools: 
when  dry,  they  are  yellowiah-white,  with  u  gilvory  lustre,  and  like  ta!c 
to  the  touch;  when  ignited  they  turn  red,  without  loss  of  weight,  bnt  on 
^cooling  regain  their  original  colour, ehape,  and  luf?tre.  (BrGndecke.  Repert. 
B^5,  318.) — ,5»  By  placing  lead  in  contact  with  air  and  water*  On  tho 
^bottom  of  a  leudun  vessel  filled  with  water,  there  are  first  forme<l  a  num- 
ber of  white  flakes  of  h3'drated  dicarbonato  of  lead-oxide,  then  shining 
grey  crystals  of  anhydrous  oxide,  partly  in  scaler  like  mi©i»  partly  in 
rhombio  dodecahedrons  with  cnbe-facee*  When  heated  they  bccomo 
opaqtie  and  orange-colonredj  but  without  losing  weight  or  lustre.  (Yorke, 
PkU,  Mag.  J.  ,'i,  82.) 

Lead-oxide  is  obtained  in  the  amorphous  elate,  by  throwing  the 
lijnlmted  oxide  into  fused  hydrate  of  soda  and  washing  the  residue,  when 
cold»  with  water.  Red  mass,  of  the  colour  of  minium,  and  yielding  a 
reddish-yellow  powder;  between  300^  and  400^,  it  assumes  a  brown-red 
[  colour,  which  it  retains  after  coolings  but  if  heated  above  4W^  it 
becomes  sulphur-yellow  on  cooling.  It  is  distinguished  from  the  crystal- 
lized red  oxide  by  ito  Tery  ready  solubility  in  acids.  (Calvert,  Compt, 
[rtnd,  16,  361.) 

Lead-oxide^   in    its  ordinary  state,    is   either  a  leraon*yellow   or  a 

f  f^ddish-yellow  powder.     This  may  perhaps  be  regarded  as  the  powder 

'  of  the  oxide  in  its  yellow  cryBtalHxetl  state.     It  assumes  a  brown-red 

colour  wheneTer  it  is  heated.     Specilic  gravity  9^2092  (Karsten);  f>'277 

(Herapath);    after  fusion,  9*50  (Boullay).      Lead-oxide  fuses  at  a  red 

heat,  and  on  cooling,  solidifies  in  a  mass  of  crystalline  scales;  according 

lo  Man,  it  expands  in  solidifying.     It  does  not  solidify  to  a  glass  on 

cooling,  unless  it  contains  silica.  (Fuch.^,  SchtiK  <i7,420.)     A  trace  of  silica 

J      added  to  fused  oxide  of  lead,  renders  it  vitreous,  (BiewentI,  J.  ;?r.  Chtm, 

H  23,  250.)     A  similar  effect  is  produced  by  fusion  in  an  earthen  crucible. 

V  The  glass  baa  a  density  of  8*01   (Le  Royer  &  Dumas);  it  is  transparent 

~   and  yellow,  or  if  metallic  lead  [or  the  suboxide?]  be  present,  green. 

(Proust.)     Lead-oxide  volatilizes  at  a  white  beat,  but  less  easily  according 

to  Fouruet  (Ann,  Cfom.  Pht/s.  55,  414),  than  metallic  lead.     According  to 

^^BMfidgcke,  lead-oxido  turns  reddened  litmus  l>lue. 

^^^^^^^f  Bertiiter.  DUberein«r.  Yaaquelin.   J.  DiiTf  t 

^^■|tr....«»«. 104  ....  92-857  ....  93^a  ....  93-02  ....  93  ..,*  92*85 

^^^Z 8    ....       7*145     ....      6-7     ....      6.08     ....       7     ...,      7*15 

100000     ....  100*00    „..  lOO'OO     ....  100    ....  lOO'O    ,..,  1000 
(FbO  ^  1294*5  +  IQO  =  1394-5.    Beneliiw.> 
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Deeorapodttons,     I,  Lead-oxide  k  redaced  ta  the  metallic  stale  Uy 

clmrcoal  (very  easily,  and  witli  intumescence  on  charcoal  before  the 
blowpipe),  by  carbonic  oxulo  and  by  bydnjgen  at  a  low  red  beat*  The 
cmtailine  oxido  obtained  by  precipitating  a  bot  sngar-of-lead  solatioti 
with  potash  is  reduced  by  carbonic  oxide  or  hydrogen  gas  at  a  teinpeir 
ture  not  much  above  100^  (Winkelbkch.)  Hydrogen  gas  first  prodna 
the  dark  grey  suboxide,  afterwards,  at  a  low  red  heat,  metallic  1< 
(Berzelius.)  The  reduction  of  lead-oxide  at  a  strong  red  heat  in  cracti 
(*V.  Gehl.  4,  98)  is  due  to  the  action  of  carbonic  oxide  gas  which 
tratea  tbe  crucibles.  By  potassinni  and  sodium,  at  temperatures 
what  below  the  melting  points  of  these  metals,  lead-oxide  is  redoo 
with  vivid  ignition,  to  tlie  metallic  state.  By  antimony,  to  the  metallic 
state.  By  cyaniile  of  potassium,  to  cyanate  of  potash  and  metallic  lead 
(Liebig.) — 2,  By  beating  with  ijulpliur,  lead-oxido  is  converted  into 
sulphurous  acid  and  a  mixture  of  oxide  and  sulphide  of  lead. — ;).  By 
chlorine-water,  into  peroxide  and  chloride  of  lead:  2PbO-hCl  =  PbO'-|- 
PbCl.  Siniilarly  by  bromine,  (Lowig.) — 4.  Lead-oxide  fused  in  exeev 
with  metallic  eulphides,  t^ornetimcs  decomposes  them  with  formation  of  a 
sulphate,  tm  with  barium;  sometimes  with  evolution  of  sulphurous  acid, 
as  in  the  case  of  the  heavy  metala.  The  metal  of  the  metallic  sulphide 
either  unites  directly  with  the  lead,  or  it  i.s  converted  into  oxide,  aal 
fuses  together  with  a  portion  of  the  lead-oxide,  while  pure  lead  ^epanlii 
out;  with  a  .smaller  (piantity  of  lead-oxide,  t^ulpljide  of  lead  is  pmidH 
as  well  ks  the  metal,  while  part  of  tbe  other  metallic  sulphide  remii^l 
unilecom posed,  and  fuses  into  a  shig  with  the  metallic  oxide  produc<?*l 
and  the  excoi^i*  of  lead-oxide.  (Bertbier.) — I  pt»  JSafphide  of  Barium  antl 
2  to  4  pts.  litharge  yield  without  fusion  a  bluck  sla^,  consistiug  of  barrti 
and  lead-oxide,  which  may  bo  extracted  by  acetic  acid,  and  likewise  of 
sulpbate  of  baryta,  suljdnde  of  lead,  and  metallic  lead.  With  30  pta. 
litharge,  tbe  wuljdiur  i^  completely  oxidized,  and  forma  sulphate  of 
baryta.^ — 1  pt.  tSuJpftiile  of  Mu rtfjanrsf,  with  4  pts.  litharge,  evolve* 
without  fusion  a  large  quantity  id  sulphurous  acid,  and  yields  a  bl^ck 
slag,  tbe  lower  part  of  wliicli  contains  b^ad  and  sulphide  of  leatl.  With 
6  pts,  litharge,  tbe  mass  becomes  soft  and  doughy,  and  a  brown  alag  is 
formed,  still  coutaining  a  large  quantity  of  eulpbide  of  manganese,  witk 
eeparation  of  35  parts  of  brittle  lea*L  With  20  parts  of  litharge^ 
mixture  fuses  readily,  and  yields  a  hyaciutb-red  glass,  together  with  { 
parts  of  ductile  leatl.  With  30  part^  of  litharge,  6G  parts  of  lead  *cpf 
rate  out  (conse<iucntly  the  sulphide  of  umngjincso  is  perfectly  oxidiw)i 
and  above  it  a  brown-red  glas*. —  l^ermlj^hUU  of  arsenic  yields  refir 
fusible  mixtures  with  litharge;  but  unless  the  ([uantlty  of  litharge  e^aaCi 
from  1^0  to  30  timea  that  of  tbe  orpiment,  only  a  part  of  the  eulphiirj^ 
Yolatilijted  in  tbe  form  of  sulphurous  acid:  52  j)arts  of  orpiment  aad  \ 
of  litharge  yiehl,  without  separation  of  lead,  a  bluck  masj*,  having 
metallic  lustre  and  a  granular  fracture.  With  5J8  pts.  litharge,  a  simil 
slag  \»  formed,  and  below  it  40  jnirls  of  tluctile  lead  free  from  arM*nie. 
With  1023  pts.  litharge,  the  separated  lead  anmuuts  to  300  [«irt»,  and 
the  ftlag  is  dense,  black,  and  shining.  With  1302  pte.  litharge.  3G0  pt*. 
lead  ar©  obtained,  together  with  a  browu-black,  translucent  idag.  Uitl 
1079  pis.  litharge;  450  pts.  lend  and  a  hyacinth- red  glass.  With  \99^ 
pts.  litharge;  470  pts.  lead,  and  a  pale  hyacinth -red  glasj.  But  it  if 
only  when  the  quantity  of  lead-oxide  amouuU  to  3120  parte,  that  the«la^ 
resembles  litbarge  in  appearance,  and  is  perfectly  free  from  sulphide  <w 
arsenic. — I'trsulphidc  of  sintimon^  Uslb  a  strong  teudeacy  to  fuj«  with 
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litharge,  but  tlie  sulphur  U  not  completely  oxidized  unless  tlie  quantity 
of  litharge  is  25  times  as  great  as  tbat  of  tlio  ant imon Sous  sulplvide, 
1  part  of  atitimonioua  sulpliide  and  3  8  pt;^.  litliarge  yield  0  2  lead  and 
&  dense,  block,  very  fluid  ^Irii^,  Witti  (j  pu,  litbarge: — 0*2  pts.  le«T^l  witb 
the  stkme  slag.  With  10  litharge:— l-fJ  lead,  with  a  slai^  which  hms  pre- 
cisely the  composition  of  lead-scuiiu  With  140  litharge:— 5  lead  and  a 
hyacinth-red  glans*  With  250litharge:^ — 5'7  lead  and  a  mass  resembling 
litharge, — ^1  pt.  Sulphide  %f  Bknwfk,  y\^\ih  with  2 '5 6  pts,  lithargej  an 
alloy  of  lead  and  bismuth,  and  a  l)lack  crystal lioe-granuiar  slag.  With 
5-12  litharge: — 2^48  alloy  aad  a  dark-grey  granular  slag.  With  10'24 
litharge: — 3*25  alloy,  containing  24^*  per  cent,  of  btsmutb,  and  a  green  ish- 
yellow  mass  resembling  litharge. — 1  pt.  Sjdphide  of  Zinc  [Bknde)  with 
4'65  litharge,  forms  a  doughy  mas^s,  ami  yields  2*4  parts  of  brittle  lead 
(containing  traces  of  zinc  and  siilpbur)  and  a  black,  metuhsbining  slag 
containing  sulpbidc  of  lead.  With  iV\>7  litharge; — ^2!)(J  brittle  lead,  and 
a  very  flnid^  black,  opiiqne  slag,  Witii  10  litharge:— >4'3  ductile  lead 
and  a  dark-grey  slag.  With  25  litharge: — 6*;j  pure  lead  and  a  yellow 
translucent  glass.  With  this  proportion  of  litharge,  both  the  stinc  and 
the  sulphur  are  completely  oxidated,^  1  pt.  Stannic  Sulplmh  and  5  pts. 
litharge,  yield  semt  ductile  metallic  lonips,  containing  sulphide  of  lead. 
sulphide  uf  tin,  and  metallic  oxides.  With  12  pta.  litharge:— >3- 6  lead  and 
a  hyacinth-red  glass*  With  20  litharge: — 5-4  lead  and  a  similar  glass. 
W^ith  30..  50  litharge: — 6  lead  and  a  similar  glass.  (Berthier,  Ann.  Oklm, 
Ph^«.  39,  244.) 

Combinaiioji^,  a.  With  Water. — x,  Ilijdrate  of  Lead-ox  id  e,^^'Bng\\l 
lead,  exposed  to  the  action  of  pure  water  and  of  air  free  from  carbonic 
acid,  forms  white  flakes  of  hydrate.  fBonsdorff.) — 2.  The  hydrate  may 
be  prepared  by  dropping  sugar-ofdeaa  solution  into  excess  of  ammonia 
till  the  precipitate  becomes  permanent,  then  washing  it  and  drying  at  a 
gentle  heat,  {Tiinnennann,  Kastn.  ArrJi,  19,  338.)  Trisacetate  of  lead- 
oxide  may  also  be  used.  The  precipitate  must  be  washed  out  of  contact 
of  air,  and  dried  in  vacuo  at  15  \  {Payen,  Ann.  Ohivi,  Fh^s,  6(J,  49;  also 
J,  pr,  Chem,  13,  484.) — 3.  By  mixing  4  measures  of  water  saturated  at 
3C  with  sugar-ofdead,  with  400  measures  of  boiling  water,  and  then 
adding  4  measures  of  aqueous  ammonia.  Together  with  the  crystals  of  the 
anhyrfrous  oxide  (pp*  110,  111}.,  there  are  likewise  deposited  denser  crys- 
talline grains  of  the  hydrate,  which  may  be  separated  by  levigatiou. 
(Payen.)  To  obtain  larger  crystals,  100  measures  of  water  saturated 
at  25^  with  trisacetate  of  lead-oxide,  ami  diluted  with  (JO  measures  of 
water  freed  from  air  by  boiling,  are  mixed  with  4  measures  of  ammonia 
diluted  wMth  60  measures  of  water  also  freed  from  air  by  boiling  and 
then  cooled,  and  the  mixture  kept  for  some  time  at  a  tempemturo 
of  30"^,  The  crystallimtion  begins  in  an  hour,  and  is  finished  in 
24  hours.  (Payen.) — 5.  By  precipitating  sugar*of-Iead,  or  some  other 
lead-salt,  with  potash  or  soda.  (Mitscherlich.)  Mulder  (/,  pr.  Chem, 
If),  79),  after  pouring  off  the  liquid,  boils  the  precipitate  for  some  time 
with  potash,  and  dries  it  at  100°.  According  to  Winkelblecbj  potash 
added  to  nitrate  or  acetate  of  lead-oxide,  even  when  in  excess  and  aided 
by  heat,  does  not  precipitate  the  hydrated  oxide,  but  a  basic  salt 

Hydrated  lead-oxide  is  a  wdiite  powder.  When  examined  by  the 
microscope,  it  is  seen  to  consist  (IJ  of  transparent  and  colourless  four*sided 
prisms — or,  if  precipitated  from  the  trisacetate — of  little  stars  formed 
by  the  union  of  four  octohedrons;  (2)  of  short,  four-sided  prisms  with 
four-sided  sumniit«;   (3)  of  regular  octobedrons.  (Payen.)    W^  "Vv^tevXfl 
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turiifl  reddened  Ittmas-paper  blue,  (Berzeltas,  Pogg,  %5,  3^6.)  It  ret 
its  water  and  ita  colour  at  temperatures  somewhat  above  100°.  (Mili^ 
oherlich,)  According  to  TiinnermaDn,  it  acquires  a  brownigfa-yellow  tint 
at  a  temperature  below  lOU"".  At  130^  it  begina  to  give  oli  tU  vmlefi 
ami  at  145"  the  wlioli?  of  tlio  water  escapes,  quite  free  from  Aceiio  acid, 
pure  oxido  being  left  behind.  (Payen,  J,  pr.  Ch^m,  17,  197,)  It  ii 
dehydrated  by  boiling  with  strtmg  potash-ley.  (BtSttgor.) 


HO    . 


Tiinnermanti.  Mitscherlich.  Pajen,         Muldfr. 

(2)                (5)  (2-4)                (5) 
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IT  Schaflner  (Ann,  Ph/irtn*  5),  175),  by  precipitating  acc^taie  of  leii- 
oxide  with  prttasu,  obtaiue*!  a  hydmtcd  oxule  containing  96 '40  lt»4-oxi(ie 
and  3"60  water,  corresponding  to  the  formula,   2PbO-f-HO.   IT 

ff.  Aqueous  Solution  of  Lmd-oxide. — 1,  Clean  lead  ill  conta4!t  wilh 
water  and  air  free  from  carbonic  acid,  yields  a  fcoltition  of  lead-oiiiie 
which  turns  reddened  litmus  blue,  gives  a  faint  reel  tint  to  turmeric,  tl 
turned  brown  by  sulphuretted  hydrogen,  and  gives  white  precipiUtif 
with  sulphuric  acid  and  with  several  8alt«,  Water  freed  from  air  hf 
boiling  dues  not  dissolve  lead  when  kept  in  contact  with  it  in  a  doit 
vessel;  water  which  has  been  agitated  with  air  becomes  charged  witli 
lead-oiide  in  the  course  of  two  hours,  the  quantity  dissolved  amountini 
to  between  xrirrff  ^^^  Tinnrs'  ^^  ^^^^^^  slightly  reddens  turmeric,  and  tum 
reddened  litmus  blue;  oecomes  turbid  when  shaken  Up  iu  a  half^fil* 
bottle,  or  when  boiled;  yields  lead  at  the  negative  ana  peroxide  at 
positive  pole  when  acted  upon  by  the  electric  current;  gives  a  browuii. 
nluck  precipitate  with  hydrosulphuric  acid;  becomes  turbid  immediAtdy 
with  carbonic  acid  (the  turbidity,  however,  disappearing  when  the  iteid  & 
in  cxcestf),  or  with  sulphurie  acid,  or  add  sulphate  of  potash  or  ^cwla;  man 
slowly  with  the  neutral  sulphates;  becomes  turbid  when  mixed  witk 
sulphate  of  lime  or  common  salt,  and  slowly  with  nitre;  forma  witi 
iodide  of  potassium  a  white  cloudy  which  turns  yellow  on  the  additi<)n  of 
a  small  quantity  of  very  dilute  hydrochloric  acid,  together  with  a  vrllow 
precipitate;  with  chromate  of  potash,  it  forma  a  yellow  pri  .  q 

the  athlitioa  of  acetic  acid.     Sprjng-water  of  tolerable  purity,  t  v     ^ ;ij 

of  which  contain  only  If  grains  of  salt^  and  no  carbonic  acid,  likewm 
when  passed  through  a  leaden  tube  150  feet  lon^,  dipsolves  a  quantity  4)i 
lead  sutHcient  to  give  a  brown  colour  with  hyarosuljdmric  acid,  if  & 
bright  iron  nail  l>e  driven  through  a  leaden  plate,  and  the  whole  smmi*rfed 
in  water  containing  air,  a  white  crystalline  substance  fonns  on  iho  h«4 
and  the  water  becomes  charged  with  lead-oxide,  while  the  nail  does  not  rait 
at  all  in  the  immediate  neigh  bo  iirho*>d  of  the  lead,  and  much  lo**^  on  tliA 
other  parts  of  its  surface  than  another  nail  immersed  alone  in  the  wmt«r. 
(PL  Yorke,  FhiL  Afag.  J,  5,  82;  abstr,  Pof/.j,  33,  110.)  Dintllli^d  wttAf 
in  cont;ict  with  lead  and  with  air  free  from  ca.rbonic  acid,  i'  "  rriif 
lead-oxi<lo,  acquires  an  alkaline  reaction,  and  becomes  tin  1  vpoini* 

to  the  air,  in  conseipiencc  of  the  formation  of  hydmt4[v<l  dicarbonatd  rf 
lead-oxidc.  ^Bon^dorfl",  Pctff(/.  41.  306.)  Wetzlar  found  thut  atnAfd 
water,  aft^*r  i»eing  placed  in  contact  with  lead,  gave  a  vorv  aUglii  pl^- 
cipitato  with  hydrosuluhuric  acid,  but  no  alkaline  reaction.  Vbe  prmuie$ 
M  naall  qiuintitiea  ot  carbonic  ftcid^  aulpburio  acid,  or  of  varioM  mH^ 
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jventfi  the  eolution  of  tlie  lead-oxide,  or  greatly  dim inislieeth©  quantity 
lUsoWed:  tbia  was  first  observed  by  Mnrveau.^ — 1  volume  of  water 
charged  with  |  yol,  carbonic  acid  gas  dissolves  a  mere  trace  of  lead-oxide 

t,  the  form  of  carbonate,  wliieb  may  bo  detected  by  hydrosulpliuric  acid, 
id  the  lead  remainB  quite  bri^ti^lit;  this  water,  after  boiling,  again  exerta 
eolvent  action  if  exposed  to  tbo  air,  Spring-water,  10  pounds  of  wliich 
fntaiD  I '21  gr.  chloride  of  sodium  and  chloride  of  calcium^  together 
^ith  6*4  gr.  carbonato  of  lime  dissolved  in  excess  of  carbonic  acid,  pro- 
duces a  sli^dit  deposit  of  brown ieh  oxide  on  the  eurfaee  of  tbo  lead,  but 
does  not  dissolve  any.  (Yorke.)  When  lead  ia  immersed  in  water  cou- 
i»jaing  sulphate  of  potash,  common  «alt,  or  nitre,  and  exposed  to  the  air, 
the  water  takes  up  a  mere  trace  of  lead-oxide,  recognixahie  by  bydrosul- 
pburic  acid,  (Wetzlar,)  The  ffreater  the  purity  of  jspring- water,  the 
greasier  is  the  quantity  of  lead  which  it  dissolves,  and  the  less  lit  are 
leaden  pipes  for  conducting  it.  Leatien  pipes  should  not  be  used  for  the 
purpose  unless  lead  remains  untarnished  after  24  hours*  immersion  in  the 
water;  they  are  unfit  for  conducting  water  containing  lese  than  g-^'^g  of 
in  weight  of  salt^.  If  the  quantity  of  ^alta  exceeds  tbiti  limit,  and  the 
fgits  consist  mainly  of  eulpliatcs  and  carbonates,  leaden  pipes  may  be 
Bled;  but  if  they  consist  chiefly  of  chlorides^  even  1  part  in  4000  in  not 
•uBiGietit  to  prevent  the  solution  of  the  lead.  (ChristisoUj  PhiL  Map,  J, 
21,  15*J,) — 2,  Lead-oxide  dissolves  in  water,  fonuing  the  same  solution, 
Scheele  (Opusc*  2»  283),  by  placing  litliargo  in  water  contained  in  closed 
Tt^aeU,  and  agitating  oceaaioually  for  several  diiyB^  obtained  a  solution 
which  gave  precipitates  with  carbonic  and  sulpliuric  acid.  Lead-oxide 
obtained  by  igniting  the  nitrate,  yiehi^,  when  ijbaken  up  with  water,  a 
filtrate  whrch  hasj  a  faint,  sweetish-bitter  tast-e,  turns  reddened  litmui 
blue,  aod  is  rendered  turbid  by  carbonic  acid^  sulphuric  acid,  sulphateai 
common  salt,  and  nitre;  these  re-agents,  however,  leave  a  portion  of 
Jiftd-oxido  in  solution,  for  the  filtrate  turns  brown  when  treated  with 
fcdroaulpburic  acid*  (Wetzlar,  Schw,  54,  324,) 

■  The  siolnbility  of  pure  lead-oxide  in  water  is  denied  by  Tunncrmann 
(Kmtn.  Arch.  10,  338),  Brendecko  {Repurt.  53,  155,  and  313),  Siebold 
[lUprrt.  j3,  174),  and  Herbergsr  {Repert,  55,  55),  Tho  tUiScrepancy 
between  the  results  obtained  by  these  observers  and  those  already  given, 
appears  to  arise  from  their  having  generally  left  the  water  whicli  they 
placed  in  contact  with  lead,  its  oxide,  or  i\m  bydrated  oxide,  freely 
exposed  to  tho  air,  and  likewise  to  their  having  sometimes  strainod 
through  double  or  quadruple  filters  exposed  to  the  air  all  tho  time.  Under 
these  circumstances,  the  lead-oxide  dissolved  in  the  first  instaacej  may  have 
been  precipitated  by  the  carbonic  acid  in  the  air^ 

LI,  With  Adds,  forming  the  Salts  of  Leab-oxtde,  or  Lead*  silts. — 
^^xide  has  a  considerable  affinity  for  acids.  Lead-salt5  are  colourless, 
|0lhl  they  contain  a  coloured  acid,  and  of  great  specific  gravity.  Those 
which  are  eolublo  in  water  have  a  eweet  astringent  taste  and  redden 
litmus.  They  sustain  a  red  heat  without  alteration,  unless  tbo  acid  is 
very  volatile  or  decomposihle*  When  heated  with  carbonate  of  soda  or 
charcoal  before  tho  blowpipe,  they  yield  a  button  of  lead.  Their 
aqcieous  solution  is  precipitated  in  metallic  dendritci?,  forming  tho  Lead- 
trttf  Arbor  Saturn i^  by  zinc,  cadmiunitand  tiii^  and  slowly  by  iron*  The 
action  of  xino  and  caamium  is  immediate  and  complete.  Zinc,  however, 
does  not  precipitate  lead  from  au  alcoholic  solution  of  sugar-of-lead.     Tin 
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ofeAir  witk 
,.»  vitnte  of  laaJwriJf  Inn  grres  m  ii>u,i|iitotu  witk  leii4-«»tal«* 
(«l«9  wM  Om  tiiwiitam,  Fbjts,  ^la*.  CIm.  Mfv.  54,  rraX  ^«^  ^^  t^H 
•far  «MW  tuM^  mad  oo  exporara  l«  1^  mir  ll^  leid  m  mm^timeB  ftmh 
yilBtod  18  larg»  cr7«lab;  on  ailnie  of  fefti-oxldte,  Irom  act*  mly  i 

■iMMinrl  iv  fell  urtlate  timiwv  4pini  m  hmwn  po Wer.  (Fbdic^  ^il&. 
Ttp  fit;  Po^.  9»  2$2;  10,  SOa.)    TIm  ^oatitf  of  kal^xidtf  b  Um 
«ifsle  oolaiioB  mwa%  he  at  least  ami  to  ^^^^   io  ocder  lo  gire  a 
MroepttUe  bifieaticyo  of  redaetMo  by  zia«.    (Hartlng.)     Lead^«ee4ale 
Smsltred  So  100... 500  parti  of  val«,  mixod  aitli  kjiliodilaric  add  asd 
lEcpi  firom  contact  of  air,  k  not  pridpitetod  t»j  copper^   whicK  onlj 
eoainela  a  km  wpoU  otco  at  a  boQia^  keat;  Wt  u  tlM  air  lias  aooets  to 
Ae  ioitttiOD,  ike  lead  ii  precipitaied  in  tJno  form  of  a  black  powdtr. 
(Betnsdi,  /,  pr.  CSUn.  24,  24S.)     Pko«pliai«ttod  kjdiogm  jspa  abwl? 
mctpitates   from  load-^lta  a   brown  piioepittda  of  lead.    0L   Rose!) 
HTdraalpburic  acid  throws  down  bUck  nilpkide  of  lead,  or  if  tko  leai- 
•olotion  i«  rery  dilate,  ooloor?  it  brown*     The  limit  of  tke  brown  ooloar- 
rog  U  attained,  when  1  part  of  leaii-nttrate  \a  disaotTod  in  100,000  partf 
of  water  (Ffiiff);  when  1  part  of  tea<l  (io  the  form  of  oitiate)  b  disiolired 
in  200,000  paru  of  water  (Laseai^nie  ;  when  I  part  of  l<»d-oxtdc  fin 
the  ferni  of  nitrate)  i<  di«soired  in  3a0,(KH)  part^i  of  water.   (Hartin^.) 
If  the  aotiitioa  of  the  lead-salt  contains  free  hjrdroehloric  actd«  the  pre- 
cipitate b  red  or  yellow,  and  a  larger  qnantitj  of  hydrocliloric  ac^ 
preveota  it  altogether.     A  eolutioa  of  1  part  of  leadnMeUte  in  tOO  pafto 
of  water  mixed  with  5  parts  of  hydrochloric  acid  of  specific  gnfi^ 
l'l63t  gived,  with  liydrosolphuric  acid,   a  brown  Dfecipitate  whiA  soon 
%umM  black;  with   10  part*  of   hydrochloric   acid,    an   immediate    led 
proctpitate  which  soon  tum^  brown  and  afterwards  black;  with  20  |ttitf 
of  hydrochloric  acid,  a  cannioe-red  precipitate  is  gradually  formed,  whkk 
retama  ita  colour  and  condsts  of  snlphide  and  chloride  of  lead;  and  wtib 
00  to  50  parlB  of  hydrochloric  acid,  a  slight  precipitate,  but  only  aAer 
the  addition  of  water.  (Eoiosch,  RepeH,  5t>,  183.)     A  solation  of'l  part 
of  lead-acetate  in  112  partii  of  water,  mixed  with  14  parts  of  hytho- 
chloric  acid,  gives  a  yellow  precipitate  with  hydrosalphuric  acid*  (Reuueki 
RepeH,  56,   183.)     Sulphuretted  h^-drogen  water   mixed  with    a  laifi 
qoantity  oif   hydrochloric  acid  gives  witli   lead-salts   a  red    precipita^ 
which  sooa  tum«  black.  (H.  Rose.)     Paper  saturated  with  a  1«  '   ""^ 
and  then  thoroughly  dried,  is  not  blaokcuLHl  by  sulphuretted  hyy 
gas.  (Pamell,  J,  pr,  Chem,  2G,  190.)     Aqueous  aJkaline  hvdrosnli 
Itkewisc  throw  dowQ  from  lead-^alts  a  black  precipitate  of  iead^siil[ 
in»alubki  in  excess  of  the  alkaline  hydros ulphate.     SuIphi<lo  of  cadroil 
and  likewiio  the   hydiated  sulphides  of  manganese,   iron,   cobalt, 
nickel*  throw  down  sulphide  of  lead  from  lead-salts.  (Anthon«)— Hydria 
acitl  or  iodido  of  potassium  aildcd  to  a  solation  of  a  lead*salt»  tsot 
dilute,  throws  down  orange-yellow  iodide  of  lead,  soluble  in  a  lar;^ 
excess  of   iodide  of  polassium. — Bromide  of  potassium  gives  a  wkitt 
precipitate   with   lead-salts.  (Boland.) — Hydrochloric  acid  and  its  m1|» 
precipitate  chloride  of  lead  only  from  iiomewhat  concentrated  soltttioaf; 
the  precipitate  U  a  white  cry m tall ine  powder,  soluble  in  a  large  ouaotitj 
of  water  and  aWi  in  potaieh.     A  solutiou  coiitaintug  1  mrt  of  leaJ-nitiilv 
itt  100  parts  of  water   is  the  most  dilute  id  which  hydrochloric  acid  will 

*  Bf  (hf»  niniple  term  Uad'acttate,  Is  to  he  aadcntood  the  aesliia/seetals>  or  emi^^ 
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prodoce  a  precipitate.  (PfEff.)^Broniiiie  col  aura  lead- salts  yell o wish* 
brown,  andj  even  when  added  in  email  quantity^  tbrowa  down  yellowish- 
brown  peroxide  of  lead  [with  bromide  I]  on  the  applicution  of  heat- 
(Simon,)  Chlorine-water  added  in  Iht^q  quantities  and  lieated,  throws 
down  brown  peroxide  of  lead;  an  aqueous  mixture  of  chlorine  and 
bromine  produces  an  immediate  precipitate.  (Simon.)  Chloride  of  soda 
produces  a  red  dish -yellow  precipitate  of  sesquioxide  of  lead,  which,  when 
heated,  is  converted  into  the  brown  peroxide,  (Winkelblech.) — Ammonia 
gives  with  lead-salts  a  white  precipitate,  which  is  either  the  hydrated 
oxide  or  a  ba*ic  salt,  :i,ud  is  ingfjlulde  in  excci'S  of  ammonia, — Pot4ifth 
throws  down  white  hydrate  of  lead  oxide,  soluble  in  a  large  excess  of 
potash,  especially  when  heitted, — Carbonate  of  ammonia,  potash,  or  soda 
(the  bicarbouatey  with  eiibrvesceDce),  tlirows  down  white  carbonate  of 
lead-oxide,  insoluble  in  excess  of  the  precipitant,  but  soluble  in  caustic 
potaah,  A  solution  of  1  part  of  lead  (in  tbc  form  of  nitrate)  in  50,000 
part*  of  water  is  rendered  slightly  milliy  by  carbonate  of  soda;  with 
100,000  parts  of  water  a  slight  opalescence  is  produced  after  five  minutes, 
and  with  200,000  parts  of  water,  after  ten  minutes,   (Lasg;aigne.)^Pho8- 

Kiate   of  fioda  gives  a  white  precipitate  soluble  in  potash. — ^Sulphuric 
id  and  its  salts  throw  down  white,  finely  pulverulent  Buljdiate  of  lead- 
oxide.     This  precipitate  is  insoluble  in  cold  dihite  acids;  it  is  distiu- 
gnished  from  fiulpbate  of  baryta  by  the  blackening  which  hydrosulphato 
of  ammonia  produces  in  it.     Lead-oxido  is  likewise  completely  precipi- 
tated by  sulphuric  acid  from  a  dilute  solution  containing  excess  of  hydro- 
chloric or  nitric  acid,  provided  the  sulphuric  acid  is  added  in  considerable 
Quantity.  (Wackenroder,  I^ej}erL  46,  225,)     1  part  of  lead-oxide  (in  the 
form  of  nitrate)  dissolved  in  20,000  parts  of  water  is  still  plainly  indi- 
cated  by    sulphuric  acid  added  in  excess  (Pfaff,  Harting,  J,  pr,  Chem. 
HlS^  51);  1  part  of  lead  (in  the  form  of  nitrate)  dissolved  in  25,000  parts 
of  water  gives  an  opalescence  with  sulphate  of  soda  after  a  quarter  of  an 
hour.    (Lassaigne,  X   Chim,  MetL  8,  581.) — Clironmto  of  potash  gives 
with  lead -salts  a  yellow  precipitate  of  chromato  of  lead-oxide.     This 
precipitate  is  insoluble  in  dilute  nitric  acid;  it  turns  red  when  digested 
with  ammonia;  a  basic  lead-salt  gives  a  yellowish*rcd  precipitate.     The 
limit  of  the  reaction  is  attained  with  1  part  of  lead-oxide  in  the  form 
of  nitrate,  dissolved  in  70,000  parts  of  water.  (Harting.) — Arseniate  of 
aoda  throws  down  white  arseniate  of  lead-oxide. — Oxalic  acid  and  alkaline 
oxalates  give  a  white  precipitate  of  oxalate  of  lead -oxide.     The  prccipi' 
tation  by  alkaline  oxalates  takes  place  even  in  a  solution  diluted  100,000 
■times.   (Pfaff,)     Oxalic  acid  gives  a  precipitate,  even  in  solutions  con- 
Hkuiijug  excess  of  acid,  provided  they  are  dilute,  (Wackcnrodcr.)^ — Tinc- 
Hlnre  of  galls  forms  a  straw-yellow,  and  ferrocyanide  of  potassium  a  white 
^precipitate.     With  1    pt.    in   8000.    (Pfatf'.) — Bromato  and  chlomte  of 
pota«b^  and  likewise  fcrricyanide  of  potassium  give  no  precipitate  with 
lead-salts. — Those  lead  salts  which  are  insoluble  in  water  dissolve,  for  the 
most  part,   in  nitric  acid.     The  carbonate,  phosphate,  and  sulphate  are 
likewise  soluble  in  a  cold  dilute  solution  of  sal-ammoniac.  (Brett.) 

c.  With  certain  Salifiable  Bases.  The  compounds  prepared  in  the 
dry  way  have  sometimes  a  vitreous  appearance.  From  the  aqueoua 
solutions  of  the  compounds  of  lead-oxitlc  with  the  alkalis,  xinc  throws 
down  the  lead  in  t)ie  metallic  fetate*  These  compounds  may  be  called 
riumliiea, 

d.  With  Chloride  of  Lead. 

e.  With    Resin,   Starchy    Qnm,   Su^ii',   and   ceiia\ik   olWt  uvju-wv^ 
[  l^rganic  BMhBUtnces, 


IXAI*. 


5    L-    .3=1  :f  IxAi.     rt.*Cr=2PbO,PbO«. 

_~:  r  1--  '  _■;...  ,  .,  J  -.//J-  •■:..- t'^t.',  lAn/ioryi€  dt  Flomh. — FmrmA' 
:  >  — '.  It  L:-:"  :  J  ::■:  :  -  :.L-f  i:  &  ctll  iwi  heal  for  a  oonndenblfl 
I:- -  1  :it  ;  •  }.:•..:  1^1  -?  .uf'»--«  TcioiiPM — ftiier  pFevioos fonnatkm 
c:  :-lri:vi  ..:  -  L.-f-  -•  ..-^..-.x  iir.  LXid  iTiinxed  diearbonate  of  Uad- 
*:  Y  ". — Ti:-  .-.L "--:.:.-.: -•  Ln  r-.n^r:.  -Ly.^zi  iraxer.  the  Teasel  being 
1.'.!>:.T  :-.  -  :-:l  ^:  I  ..  :i  -  :  L-  If  I . T  s:=*  ni-'-EiLs:  Uie  fonnation  takai 
I.-:-:  :r:.  ;.u.  t  l  : :  -:  ri -£:.:•:-?  .:  lif  ii%i  uLitk  are  expoaed  to  the 
tr      Ii   .   r  :.  :...:.::•     .rtn  .:.jf  miii*  Tiiii  lead  turn  red  in  ike 

I  '■  .'• '  '  ■    ■•:  f  ■' r-flj pr-nrded  maesicot  (or litbaijge) 

:«  l::.:.l  :  :  ir  _  ..>  . :  r.  r:  i  :i:r  :l  :if  ^i  Leanhof  a  reverbentoiy 
f -n  - :-:  :  i  ':?>-:  ? . t  .:  j  :  :-  r.  i:s1It  fczi  bavins  wide  moutlif  projeotinf 
frrz.  :li  ?  ".->.  :•::  .:r?  :  :i:  tztll:^.  iie  i&a«»  being  freqnently  etifni 
iri  ::t  ':  i-^:  z  :  l  .  -f-L  i.  r  >-:  l'x-t  czl'.  re-inefs.  Litliaige  i«  toe 
-£t'v  :.r  ::  -.  :  -t:-  -i-  .:?  1  .xl-ir*  :zz  rfrr  imperfectly;  ma^sioot  like- 
wir-*.  tv-:..  ..:':::  ...-::  i:  :j-s.  rki':.  c:z.v.z.z^i  fr-r  34  hours,  is  far  hom 
U:-_j  .^. :  '.  .:."v  :-.::■::■  i  :: :  rei  lesi.  :Le  sitiier  oxide  obtained  bj 
LviT.r^  ■=■:  :■  ■-.•.■.  \  .x.rr?  n-^i  r:.re  oL'.rk^T  and  completely.  Bed 
i-.i  i  :  rt:  .-.•-•^  :r  r..  r.  .>?  .■  :  ':  -  :z.i  tr.z^  :z  24  ^ouk  containe  8'26  p.  e. 
vivjM.  ^.L-Fi^r.  z -:-:'-.  y.-;'.">  :  !"  p.  c.  f-xxjien  gas:  it  contains  50 
i-?r  :■-.::.  :"  r--l  v...:  .■.■.  -.:  ".  -If-  :rt;&:^i  wixh citric  acid  yields  17"4per 
orLT.  . :  ':  T  -B  r  :rT  \  .:-.  i.     Ar:- r  f  nricaTf-  ihe«>e  quantities  becone 

rt?T.c^::lv,:v  ^' ;  :  :;:  ^£  :  &ri  :>2:— after  3  firincs:  843;  13-4; 
:>*]  i:i  ■:  ■  :- — ..r.r  4  i:7^^  '^5;:  1-50.  «4-l  and"2i-4:— after  5 
Lr:::j-*-  ^'1.  *  .'  • -."  -  ir.  1  i  :  — ir-i  afier  S  firintrs:  879;  175; 
T4'*  :4r. ;  -»  •'  Oi.  .:i:  r  "i^v  :.  r:::::-:::^  pnppaj>ed  frt»in  white  leadbj 
o  nri:  ,>»  V :.:;;:  ?  1^  v.:  --.:.:  :  .xyjrr..  j:ve*  iff  2-23  per  c^nta 
C'Xy,-.. :.  j-.>.  o  :.:.=.  -  "  '*  :-.  r  ■>:: :  reii  r.iir.-.jni.  and  wLen  treated  with 
iiiir  c  "...^  1.  y -,  >  *  J  ;-;:  ■  - : :  irr.  xiiv  v!  lead.  If  the  minium  tbof 
pnT'.'iri^i  l»o  r.  ■'.■  r.,:-.  v  :  ■:..:'.  :  :v  :»  c-.rr^ri  of  oxypen  cm,  it  afterwardi 
f V . ■! \ ts  -2 •  4 'J  1 1 r  c-  - :  . :"  .  i y j l ::  ■.■r:  :^- -: : : v-n .  ( 1> ama«.  J n n,  CAiw.  Fkyt* 
4i«.  ;:.  s  ^        * 

Ti-  frtv  0  :!":•.  .•■..»'  r-i  '..■.  i  :"t  r.:  i\:o  yoilow  oxide  mixed  with  it 
Punia-j  .I".-' ->  ■:  :-;  ■.■.  ".".y  ^  .::.  *  '.rr.'wv.  K-i  It'^aJ-aoeiate:  Ik^rzelios  end 
iKilt-:!  n.-  ::tvv1  tt-.v  -v.:  w;::  o  \\.  vorv  diluie  acetic  acid:  Phillipp 
riv-:in!ui.  i-  144  j>  :  :  -:  ■:  ?::  : ..-  :i.\::o  acid  diluiod  with  a  Jai)ge 
«j:;:i: -iTV  •••  y^:\'-r  :  ":  '  :"  v.".  :.".:.  :T..\^r.v.wh  :.*  if  more  acid  he  ufiViL 
tin*  I  r-wii  i»f  r  V  '.•  :-  !'%■■.*  *e  :  rT'-.i-i.  A^<-'rainj  to  Ouniais  however, 
j»-r-'\'.l'  ■  :"  '.'  .\  ■-'  .  '.'  y-  •"  t::\\  I  ;:;  :ht*  ji:r'tTv'a::.'ii  of  minium,  hefore 
till'  wh  !.■  ■!  i.  .>  ::■  1  r, :  \.  [,»  -^  oxiraousi.  even  when  the  dilulc»t 
aoiti«'  iii-i  i  !•«  I '::] !  y-  :. 

(■..i:.i'!«  n'...:  T    i  ".    i  i  !.\  V. ;-.»  .;  iim'l'*  nil  th?  fi«n^ijn  metallic  oxidf* 

::  !i  :i-  :1.  •    \' i  -  .  •  ,■  i  v  r   i'  ::  :\:.  1  ^iiv-T — w  i:h  whii'h  the  nia&*icot 

i.r  liil  :irj.'  i>. -i  '•!  vv.  I  ..ryj  ::  :-  r..!it.i!-.j:!;:i!»?.l. — Rod  k»:id  ia«  likowi;^ 
f't't '11  uliilv MT'  I  v..:'*:  .  x..',-  ..i'  i-  !'.  r*- 1  }■  !«.■  i»r  brirk-dust :  these  sub- 
st:i:M"i-  r«'iii.i:ii  'i!:-l>-.ivo  i  w)  .^i  ifi"  r'-d  li'.il  i*  'liiTCsti'd  in  warm  dilute 
Tiirri«' :i«:d  T-  u'l::  !i  i  !■».!.'  •«  :.'.ir  I.i-  )«.  I'v.  ."'.Mt'd:  iMiiliiii;  hydrtK'LIoric 
arid  ixtrn-t^  ^'  -j:.-  \  i-  -  i"  ::•  ::  ?'r -1:1  •]i:^  ro>:iiio.  Whoii  red  lead  tliUi* 
iliiltir.iio'i  i-  ijint«-d.  t'r.t-ro  rjinaii:-  ;i  inixiure  of  yellow  lead-oxide  anJ 
re*\  tfijlistain'os  that  have  >>ccn  add  oil  to  it. 
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On  the  smal!  scale,  red  lead  Dmy  ho  olitained  hy  the  following^  pro- 
ceases. — 1,  Whea  4  parts  of  lead-oxiJe  prepared  hy  igniting  white  lead 
are  heated  in  a  silver  or  platinum  crucible  with  1  part  of  chlorate  of 
potash  and  8  parta  of  nitre  (the  latter  acting  aa  a  Hux  and  thereby  waving 
the  chlorate),  brown  peroxide  of  leii>i  is  first  obtriined;  but  this,  when 
further  heated  to  dull  reduc?^,  is  converted,  with  intuninsreuce  aad  tliick- 
ening  of  the  mass,  into  red  lead.  As  soon  as  the  red  lead  begins  to 
decompose  at  the  edge  of  the  crucible,  the  masa  is  aiiffered  fo  cool,  and 
the  red  lead  well  boiled  with  water  coiitttining  potash. — 2.  By  kiiling 
peroxide  of  lead  with  aqiipous  plumbate  of  potash,  or  1  part  of  the  per- 
oxide with  5  part8  of  lead-nttrate  and  a  qnantitj  of  aqueous  pot&eli  or 
soda  sufficient  to  re-dissolve  the  hydrate  of  lead-oxide  lirat  precipitated, 
till  a  brown-red  mixture  of  minium  with  a  small  quantity  of  the  peroxide 
is  produced,  and  digesting  this  mixture,  after  washing,  with  oxalic  acid, 
which  decumpotes  the  peroxide  without  acting  on  the  minium,  [The 
product  may  contain  oxalate.]  The  mint  lira  obtained  by  this  process  is 
rather  dark-coloured^  but  it  becomes  brighter  when  ruldjcd  up  with 
water;  it  has  the  same  composition  aa  that  which  Is  obtained  by  the 
ordinary  method.  (Levol,  Ann,  Chinh  Fky»,  75,  108;  also,  J,  pr,  Chan. 
22,  38.) 

Scarlet,  crystalline-granular  powder;  when  heated,  it  first  assumes  a» 
finer  red  colour,  and  then  turns  violet.  Specific  gravity  8*62  (Karsten), 
8^04  (Musoheubroek),  9*082  (Horapath). 

Thomson,     Berzclius*        Dumas.     Vauqiielin. 

3Pb 332    .,-.      90'7      ..,.       88       ,...      90      ....      90"63       ..„       91 

40.. 32    ,„,         9*3      .,       12       ..,.       10       ,..,        9*37         ,.        9 

Pb»0* 344     ....     lOO'O       ....     100       ...     100       ,  ..     100^      ....     100  " 

Or:  Or: 

«PbO  ,, 824        ,.,,        65*12  PhO ^ 112        ,.«        3»'5fi 

fh€F 120        „..        34  88  Pb«0» 232        ....        ^f'H 

lOjPbO^,...     344         ....       10000  PbOtPl)^0»  ...     344         Z.       lOO-flO 

lUcompoHtioni,  L  By  rather  strong  ignition,  it  is  reaolvcd  into 
yellow  lead-oxide  and  (24  p.  c. :  Dumas)  of  oxygen  gas. — 2,  By  many 
oxidizable  bodies,  at  various  temperatureg,  it  is  reduced  to  the  yellow 
oxide.  Aqueous  aulphurous  and  hyponitric  acid  at  ordinary  terapera- 
tares,  convert  it  respectively  into  sulphate  and  nitrate  of  lead -oxide; 
tulphuroujj  acid  acts  very  h^lowly  in  the  cold,  but  rapidly  on  the  application 
of  heat.  Protochloride  of  tin  converts  it,  with  a  ri&e  of  temperature  of  13^, 
into  chloride  of  load  and  stannic  oxide.  (A.  Vogcl,  Kmtn.  Arc/i.^  '^3,  84.) 
It  is  likewise  reduced  by  boiling  with  a  solution  of  sugar, — S,  With 
heated  oil  of  vitriol,  it  yicbls  sulphate  of  lead-oxide  and  oxygen  gas. — 
4.  With  nitric  acid,  dilute  snlphunc  acid,  and  likewise  by  weaker  acids, 
fuch  a«  acctio  acid,  it  yields  peroxide  of  lead  and  a  gait  of  the  protoxide, 
(Berxelius.)  With  a  small  quantity  of  strong  acetic  acid,  red  lead  forma 
a  white  mass,  which  dissolves  in  a  large  quantity  of  the  acid,  forming  a 
colourless  liquid,  from  which  peroxiile  of  lead  is  gradually  deposited, 
(Berxelius.)  By  treating  common  rerl  lead  with  dilute  nitric  acid  at  ordinary 
temperatures,  Longchamp  {Ann.  Chun.  Phy^.  34,  105)  obtained  16  6(» 
i»er  cent,  of  peroxide,  and  at  KO",  16  2  p.  c. ;  from  minium  eryslallized 
tn  fine  lamiuie,  Houton-Labillardierej  by  treating  it  with  nitric  acid, 
obtained  25  per  cent  of  peroxide;  Phillips  {Phil.  Mag.  J.  ^,  M^'^  \i^ 
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heating  couiniercial  miniuni  with  dilute  oltnc  iicid  obtained  24 'S  p.  c, 
and  by  boiling  it  with  moderately  strong  acetie  acid,  25  8  p.  c.  of  per- 
oxide;  but  mininm  previously  purified  by  cold  dilute  acetic  acid  yielded 
with  nitric  acid,  34  per  cent.  (For  Dtiinas*  rcsultei,  vid.  p.  119.)  By 
heating  with  nitric  acid^  a  portion  of  the  brown  oxide  is  decomposed 
and   partly   dissolved,    forming   a   violet-coloured   solution.    (LevoL)  — 

5.  By  a  small  quantity  of  hydrocbloric  acid,  red  lead  ia  converted  into 
chloride  of  lead,  peroxide  of  lead^  and  water  ; 

Pb*0*  +  2HC1  =  2PbCl  +  PbO=  +  2HO. 

By  a  larger  qnantity  of  hydrochloric  acid,  into  chloride  of  kad,  chlorine 
gas  and  water : 

Pb»0*  +  4HCI  =  3PbCl  +  CI  -f  4  HO. 

6,  By  chlorine-water^  into  chloride  and  peroxide  of  lead  ; 

PbK)*  +  Cl  =  PbCU2PbO\ 

Similarly  with  bromine-water.  (L'owig,) — Minium  is  not  decomposed  by 
mercnroiis  nitrate  or  oxalic  acid.  (Lovol.)  ~ 


C.  Sesquwatide  of  leadf    Pb*0*. 

Chloride  of  soda  throws  down  from  lead-salts,  a  redd ieh-yel low  mixture 
of  sesqnioxide  and  chloride  of  lead,  which,  if  warmed  or  left  to  stand  for 
liome  time,  turns  brown  from  formation  of  peroxide.  To  obtain  the 
eeequioxide  free  from  chloride,  nitrate  of  lead-oxide  is  enj)ersaturat©d 
with  potai^h  in  fiuflicient  quantity  to  rc-dissolvc  the  precipitate,  and  then 
treated  with  cblori do  of  soda ;  or  the  precipitate  obtained  by  treating 
acetate  of  lead  oxide  witb  a  wliglit  excess  of  potash  is  dissolved  in  cuu^tio 
potash  (after  pouring  oft'  the  liquiil),  and  the  clear  solution  mixed  with 
chloride  of  soda.  The  yellow  precipitate,  when  wa.shed  and  dried,  yields 
a  soft,  Bon-crystalline,  reddish-yellow  powder.  This  powder  contains 
more  or  Ic-^a  hygroscopic  water  closely  united  with  it,  and  only  to  be  got 
rid  of  by  drying  over  vitriol  with  the  aid  of  beat,  wbereupon  it  gradually 
escapes.  At  a  red  heat,  the  sesquioxide  is  resolved  into  3*4 685  per  cent* 
of  oxygen  gas,  and  96^5315  per  cent,  of  protoxide.  By  oxalic  acid  and 
by  formic  acid  it  is  reduced  to  the  state  of  protoxitle,  with  evolntiou  of 
heat.  Witb  nitric,  sulphuric,  bydrotluoi^iHcic  and  acetic  acids,  generally 
without  the  application  of  heat,  it  i«  converted  iuto  peroxide  auaasalt  of 
the  protoxide.  It  dissolves  in  cold  hydrochloric  aci<l,  forming  a  yellow 
liquid  from  which  it  is  again  precipitated  b}' alkalis  :  the  liquid,  boweror^ 
reaolres  itself  in  a  few  minutes  into  chloride  of  lead  and  free  chlorine. 
(WinkelblechO 

Winkdblfch. 

2Pb ,        20S      ....       89*66 89-64 

30    , 24       ...      10*31         ia-56 
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D^  Pbboxids  op  Lead.    PbO\ 

Br<fwn  Qjtidt  of  Lead,  Puce  Lead,  Bieih^peroxyd,  TrUox^  dt  PlmL 
-^DisooTcxed  by  Kurclla  and  Scheele. — Found  native  in  th^  fonn  of  J/«ar/ 
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lead-ore  (Schtperhklerz), — Formation  and  Freparalion,  1.  Solutions  of 
lead-Falts  deposit  the  peroxicle  in  crystalline  scales  on  the  positive  polar 
wire  of  the  voltaic  circuit  (L  463),  The  depositiuii  of  the  peroxide  takes 
place  even  in  a  solution  containing  onlj  1  part  of  lead  in  12,000, 
(Fischer,  Kastn,  Ar^L  16,  219.) — 2.  By  treating  the  yellow  protoxide 
with  chlorine-water  (Vaunuelin)  or  bromine- water,  or  aqneous  hypo- 
cbloroua  acid. — 3.  Dilute  snhacetato  of  lead-oxide  mixed  with  aqueoua 
bjpocblorous  acid  deposits  very  finely  divided  peroxide  of  leadp  (Pelouze.) 
^-4.  By  heating  the  a<|neoa3  solution  of  a  lead-salt  with  chloride  of  soda. 
To  a  boiling  eolntion  of  sugar- of -lead,  chloride  of  soda  is  added  as  long  aa 
any  precipitate  is  formed;  the  solution  is  then  decanted,  and  the  chloride 
of  leadj  which  is  precipitated  at  the  j^aiiie  time,  is  extracted  by  boiling 
dilute  nitric  acid.  The  peroxide  of  lead  thus  obtained  is  soniew^hat 
lighter  than  that  prepared  by  the  ordiniiry  method,  but  has  the  same 
composition,  and  contains  no  water.  (VV' inkelblech.) — 5.  By  fusing  lead- 
oxide  with  chlorate  of  potash,  (Gohel,  b'chu\  67,  77;  Liebig  db  Wohler, 
P**gg>  24,  172.)  The  preparation  h  made  by  fusing  in  a  silver  or  pla^ 
tinixm  crucible,  4  parts  of  lead-oxide  (obtained  bj  heating  white  lead) 
with  I  part  of  chlorate  of  potash  and  8  of  nitre,  till  the  ma.?s  becomes 
aDiformly  black — an  cfl'ect  which  generally  takes  places  simultaneously 
with  perfect  fusion — the  residue  ia  then  well  washed  with  water,  and 
treated  with  flilute  nitric  acid.  Red  lead  substituted  for  the  protoxide 
does  not  yield  any  peroxide.    (Levol,   Ann,  Chim-  J'ht/s.  75,    108.)  — 

^6-  Litharge  heated  in  a  platinum  crucible  yields  peroxide  of  lead  and  an 
alloy  of  lead  and  platinuuK  (Chevreul,  Ann,  Vklm.  Fhys,  80,  315; 
ftUo  Gilh,  51,  115.) — -7.  By  treating  red  lead  with  chlorine-water, 
Chlorine  gas  is  passed  into  water  in  which  red  lead  is  suspended — the  liquid 
being  frequently  agitated — as  long  as  any  absorption  takes  place;  and  the 
refialting  peroxide  is  continually  washed  with  boiling  water  to  free  it 
from  chloride.— 8.  By  treating  red  lead  with  nitric  acid,  which  extracts 
the  protoxide  of  lead.  The  red  leaxl  is  lirst  boiled  for  a  eul!icient  lime 
with  excess  of  dilute  nitric  acidj  and  the  resulting  peroxide  washed  with 
water. — 9.  By^  fusing  red  lead  w^ith  hyilrate  of  potash,  (Becqnerel,  Ann, 
Chiia,  Phys.  51,  104.)  The  potash  certainly  extracts  protoxide  of  lead. 
Bertbollet  {J^'taL  Cfum.  2,  377)  remaiked  that  red  lead  evolves  no  oxygen 
when  fused  vvith  hydrate  of  potash* 

The  native  peroxide  occurs  in  six- sided  prisma  terminated  by  eix- 

>gided  pyramids;  specific  gravity  varying  from  9"3n2  to  9  44Hj  has  an 
iron-black  colour,  with  a  rnetallicj  eemi-adamautinc  lustre,  and  yields  a 
brown  powder.  (Breithaupti  J.  pr.  Chem.,  10,  50H.)  The  peroxide 
artificially  prepared  by  (0)  appears  in  broivn  six-sided  tables,  exhibiting 
a  yellow  lustre  by  reflection;  that  prepared  by  (1)  forms  delicate  crys- 
talline scales,  generally  of  a  black  red  dish -brown  colour  when  reduced 
to  powder.  Specific  gravity  of  the  artificial  peroxide  8*003  (Herapath), 
,    8-933  (Karsten),  9-190  (P.  Boullay). 
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DecompOiitiong.  1-  By  light  into  oxygen  gas  and  red  lead;  in  a 
nimilar  manner  by  gentle  heating;  by  a  stronger  heat  it  m  Te&oVT«i4  mV» 
oxygen  gas  and  fused  yellow  protoxide-— 2,  Gives  up  Qxy^^aviXviTaoaa^ 
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finbit&neei,  Bometimes  with  evolution  of  tight  and  heal.   Wheii  triiu 
with  oDe<0ixth  of  its  weight  of  eulpbur,  it  sets  fire  t^  the  snlphary  wli 
bttms  with  &  brilliaDt  Same,  forming  sulphide  of  lead,   (Vmuquelinj  A* 
Ghim*  Phy9.  62,  221);  a  mixture  of  2  parts  peroxide  and  1  part  sul  * 
takes   fire   when  touched  with  oil  of  vitriol;    if  the  mix  tore  W 
eontainfl    phoephorDs,    violent    explosion    takee    placo    on    triti 
(Grindel,  Schw,  15.  478.)    With  aqueous  hypopho^fphorou^  aci<l,  i 
phosphate  of  lead-oiide.  (Wartz.)     When  immersed  in  anlphumnji  neitl 
gas  at  ordinary  temperato res,  it  beeomea  red-hot,  and  is  coji^  » 

aiilphate  of  lead-oxide  (A,  Vogel,  Kastn,  Arek,  4,  434);  wit 
sulphurous  acid  it  in  likewise  converted  into  emlphate  of  lead-oiiiilf,  *crv 
slowly  at  oniinarv  temperatares,  more  quickly  with  the  aid  of  h^l 
Hyp'^nitric  acid  disaolvee  it,  forming  a  solution  of  nitrate  of  ' 
With  protoehloride  of  tin  it  undergoes  the  same  deeompo^it 
lead.  (A.  VogeL)  In  nitrate  of  mercurous  oxide  it  dissolves  comjii*  t<  iy, 
forming  nitrate  of  mercuric  oxi<le  and  protoxide  of  lea*!.  (Levu!^ 
When  triturated  with  an  equal  weight  of  crystallized  oxalic  arid,  it  is 
decomposed  without  ignition,  yielding  vapour  of  water,  ciirbonic  wbU 
gas,  and  carbonate  of  lead-oxide.  It  becomes  incandescent  when  tritu- 
rated with  one-eighth  of  ita  weight  of  racemic  acid,  tannioi  or  common 
mgar,  or  with  one-aixth  of  tartaric  acid,  gallic  acid,  grape*stigar»  or 
manna-sugar,  f  Bottger.)  According  to  A.  Vngel,  it  ia  likdwiM  €<U3* 
verte<i  into  Icaa-oxide  by  heating  with  oil  of  turpentine  or  Mtiliba  of 
sugar. — 3.  By  heated  oil  of  vitriol  it  is  converted  into  oxyi^n  gat  gx^i 
sulphate  of  lead-oxide ,^ — ^4.  By  aqueous  h^mochhirous  acia  into  oxyg»'n 
gas  (with  a  email  quantity  of  chlorine)  and  chloride  of  lead.  (Balant.) 
^5.  By  aqueoua  hydriodic,  hydrobromtc,  hydrochloric  or  hyaroeyiuiifl 
aeid^  into  water,  iodtde^  hromidc,  chloride  or  cyanide  of  ietM,  and  free 
iodine,  bromine,  chlorine,  or  cyanogen;  e.  y. 

PbO«  +  2HCI  ^  PbCl  +  2H0  +  a. 

Comhination*^ — Peroxide  of  lead  combines  with  many  salifiable  hM 
forming  compounds  in  which  it  plays  the  part  of  tm  acid^  and  whieb  viaf 
tb erefore  be  cal I ed  Sa Its  of  PI umh U  A  cld^  o  r  Phi  m bates.  T b e«e  com i)OttiiJl 
are  formed  by  igniting  the  peroxide  with  ml t liable  bases*  {Vid,  Piumbdii 
of  Potu^.)  In  accordance  with  this  non»enclature,  red  lead  may  1* 
called  Plmnbate  of  Ztad-omde,  (Frcmy,  Ci^mpt.  rmd,  15^  1109;  also  *V, 
J.  Pharm,  3,  30.) 

Leap  Ann  Cabhon. 

A.  Carhiclt  of  Lmd  t — a.  By  igniting  tartrate  or  acetate  of  Ioad«oxi 
in  a  clope  voj^ef,  a  carbonaceous  HubaLanro  is  obtained  which  takM  I 
hi  the  air  and  leave??  protoxide  of  lead.   (Pronst.) — 6,  Cv^tMdo  of  lead, 
a  finely  divided  mixture  of  charcoal  and  lead-uxidc,  yieldt*  on 
black  p)wiicr,  which  takes  fire  in  the  air  when  h<*ated,  yieldiT: 
of  metallic  lead.  (Berzelius.) — c.   Lead  ignited   with  charcoal  voiatiiifSf 
and  Mublimea  as  a  carbide  in  black  spangles,  having  the  metallie  \m 
(John,  BtrL  Johrb.  1820,  320.) 

B.  Carhonate  OP  Lead-o\it>e,  or  Lead  CAnnoNATE.^Ctfr/'rtfM^*' 
£iMl.«— Litharge  slowly  ab.«K>rba  carbonic  acid  frouj  the   air.— a    IH^-^t 
ioiMif#.«— Formed   in   the  hydra  ted  state  bv  continued   ex|M»*tire  of  IrsJI 

"■- -^^  ia  water  to  the  open  air.  (Delaville,  -:V.  QM,  2,  682;  Berqawel*  / 
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fin,  Ckim,  Phy9.  .54>  146;  Yorke,  PkU^  Mag.  X  5,  82;  Bonsdorff,  Po^g, 

lO,  207.)     If  tt  piece  of  lead  be  left  to  tftrni§li  in  damp  air,  then  scraped 

lean  on  one  part,  and  covered  with  a  layer  of  water  0  inches  deep,  the  salt 

I  deposited  on  the  bright  part  of  the  metal  in  the  form  of  an  arhorescence 

Dn«?isting  of  crystftUine  scales.     Tliia  compound  may  also  he  formed  by 

feepiug  lead'Oxid©  for  a  long  time  under  water  in  a  vessel  expoaod  to  tlie 

ir;  it  then  swells  up,  and  is  converted  into  white  flakesj  easily  separated 

QT  washing  from  the  unaltered  oxide.  (Bonadorll',  Fogg.  40^  207.)     Lead 

jnmerecd  in  water  containing  -^^^  pt.  of  potash   becomes  covered  with  a 

ust   of  carhuEate.    (A.    Vogch)      Finely  granulated   lead   conatantly 

irred  about  in  an  atj neons  solution  of  carbonate  of  potash  exposed  to 

he  air,  forms  carbonate  of  lead-oxido,  which  may  be  removed  from  time 

to  time  by  levigation.  (Prechtl,  ./.  pr.  Chan.    2,   164,)     Tbo  salt  tbua 

cbtftined   is  probably   pure  dicarbonate,  unmixed  with  f>rdjnary  white 

^^^     Poasibly  also  the  so-called  white  lead  which  Ouunal  and  Ver^epny 

^^tlpt  rtnd.  16,  1327)  obtained  by  agitating  finely  divided  lead  with 

watcr^  conaisted  of  this  salt.     The  dicarbonate  when  need  a«  a  pigment 

ha£  not  the  coating  power  of  white  lead.  (Boasdorff.)     After  exposure 

to  the  nir  for  some  tinie,  it  effervesces  more   strongly   with  acids  than 

|>ofore.     Water  dissolves  but  a  trace  of  it.  (Vorko.) 
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6,  S€9^tiha$ic  Carhmiatt. — White  lead  generally  consists  of  this  salt 
in  the  hydrated  state.     It  is  precipitated  by  carbonic  acid  from  a  solution 
of  the  acetate. — 1 ,  Nfw  Modt  r>/  Prtparafion  :  Carbonic  acid  ga.s  parsed 
through  a  solution  of  basic  acetate  of  lead-oxide  takes  up  a  portion  of  the 
pxide,  and  is  precipitated  with  it  in   the  form  of  white  lead.     The  gaa 
obtained  by  burning  charcmil  in  a  stream   of  air,   or   that  which  issues 
\om  apertures  on  the  hill-^ide,  as  at  Brobl,  may  be  used  for  this  pur- 
ee.    When  carlK>nic  acid  gas  is  passed  in  five  separate  portions  through 
sic  lead-acetate  till  the  liquid  becomes  neutmlj  each  of  the  five  preci- 
Bitatea    is    found  to  consist  of   2pbO,CO-)-hPbO,HO.    (Hochstettor.) 
^.  French  MetAod :  proposed  by  Theuard,   carried  out  by  Hoard.     Dis- 
tilled vinegar  or  a  solution  of  sugar-of-leatl  h  satunited  with  litharge — 
^carbonic  acid  gas  passed  through  it — t!ie  lir^uid  poured  off  from  the  pro*- 
pipitated  white  lead,  and  again  saturated  with  litharge — -carbonic  acid  gua 
^in  pasi^ed  through  itj — and  so  on. — 6.    Ungiiat/i  Md/wd  :  introduced  by 
Jenson.      100  parts  of  finely  ground  lithargo  are  stirred  up  to  tho  con- 
iistence  of  paste  with  the  ai]uooiis  solution  of  1    part  of  sugar- of- lead — 
the  mixture  introduced  into  a  wooden  receiver  of  peculiar  construction — 
ttd  there  kept  in  constant  agitation  by  means  of  grooved  cylinders,  at  the 
Mue  time  that  it  is  brought  in  contact  with  carbonic  acid  gas,  generated 
by  the  corabnstion  of  coke,  and  cotJetl  bypassing  through  tubes  immersed 
tn  water.     When  the  paste,  after  a  few  days,  cea^tes  to  absorb  carbonic 
lucid,  it  is  ground  with  an  additional  quantity  of  water  between  mill- 
fetooe^T  and  then  levigated  with  water.     The  water  disscdves  out  any  ace- 
{tate  of  copper  or  iron  that  may  be  prcfjent  {Comp.  Sclmbarth,  J.  pr.  Ch(m, 
i'S4*  82 K,)     Since  lead-oxide  oy  itself  absorbs  carbonic  acid  very  slowly 
[and  forms  only  the  hibasie  carbonate ]j  the  100  parts  of  W^-oitx^^i  \axi«>\, 


V  rrstmLl-f  ^2!^'^"'^^'  '7  ^  -  ?^^  -<'  «cxar-of-leid  and  eonTertad  into 
?uc^ :  Kr  '^.v    LZ'i  -^nz  '3cscL:3cx^i  fr:c  :Ee  colntion  by  oombiniiig  witk 

1  .'  ■  JL  ■ .  :  '  7-*T-.rTMu — 3t  expodnf^  plates  of  lead  to  tlia 
^-i-  :  ^  .  :-.-\  &. . :.  tJi'L  i:  "li-f  fojze  ilse  to  ur  loaded  with  carbonic 
ic  .  J;.'  T>-:.>ir' =^ jc  i:^-Tj  ^c"  li*  acetic  acid  for  the  lead-ozido 
::':.i.-/>  •:  .—  :•.:  :  .•:  ha:  r. -irTOT^ i  a:  the  expense  of  the  air;  the 
.■ir:.  r  .■  .  t-\»  t  i:-:r  i  7.  c^.c  :f  tie  lead-oxide  from  the  basic  ace- 
Mr.-  •  ■  .-:.  ■  x;  f  .T-xi  zza  aw"^dc  acid,  robbed  of  the  greater 
T^;.r:-  :  ..  -  \  .■  -: : :  i-.-c?  it*,  z.  frf^^  icrtions  of  lead,  &c  &a  Thit 
>>.::.'.  T.  i.«:<  - :*  ::ir:iUh  the  carbonic  acid  by  tnj 
"'  >  -  : .:  '.i.i:  ii-t  i»::er  must  be  introdoced  from 
:\  i  • :.  I  i:  :«■:  .  i~j^-  :<  the  air  is  neceasaiy  for  tlie 
.^.;  -  ^^2■  ▼I  ":  J  'Irr  :.i.:w[zs  fscts :  Lead  exposed  to 
fc..-  4.;  1  t.T  ▼!:.-*.  :*  fnee  from  carbonic  acid,  yieUi 
^-  ^  •:-:&•  i      ^.•:l?:^ner.'*      A  lead  plate  suspended 

•^^i  %  :'2  :i.jrf-:i  &:*i  A&r^'-nic  acid  gas,  and  having  t 
1-.'.^  t:  >.:r.rr   rr^i^^w  a  quantity  of  vhite  lead,  the 
r  •:  s.-  i  .v.T:a-r^i  :-  wix'h  corresDond  to  the  qnantitiei 
:  V :    :  sir..>rLr.   :  1:  :!■*  aortic  acid  suffers  scarcely  iny 
.?•  :>.  /'    }yjK  Ti*.  112;  alsoJ.pr.  CAm.  25, 

>:■*.■■.  ^  :i  i.^:.:  fc:;i.  ard  exposed  to  carbonic  add 
4:  jk  :. .  y^rt::.?^  ^i-^ee::  30'  and  40',  undergoes  no 
.V  -V;-     :  :  A  ": .  i:*  .  t  -:  if  air  be  admitted,  the  metal 
•  ;>  v^  :        Tii  .-  :i.f  ^■^. -rse  of  six  hours.  (Hochstetter, 
"  ->        *r  ::  f  T  ..:."i  r:-:i:v>d  of  pre|iaration,  weak  beer- 
.  :,:  :7*v  :.:  inT  orr:.  of  acetic  acid,  and  a  conci- 
:=,v.  :  i.-  i  -.<  :.  .i-i  :z  the  resalting   white  lead; 
.    ■■■.  .  ■'i  . ;'  .-a.rr'.r-.*  s^vi  cv'S:a;neJ  in  the  white  lead 
,v.    -  ■    :-.-  .'..^:  ;   ij:.i.     Formic  acid  in   the  place  of 
V.  V  .  :v  ;;v..-..  >.\":s-st  ::  d«;««  not  fonu  with  lead-oxide 
\V    .'.-.    ";i-    .■..•r.r.  T'-vsoi   bv  carbonic  acid.    (Peloute.) 
k5     ."•      ■   .^.  y  ";:■;•■  :•.;.-  ^'.ir-'^I  ir.>:«t\  S  inches  high,  and  some- 

x^Vs!  >»:.'.;r  s:  :.y  :..'.;.  ..:  ■•. ::  -.v.  ire  r.'..tvl  :o  one-fourth  of  their  depth 
vv.-.  Kv:  ^  ■  .  ^.■.'  ;-.:,:.:.  r."  .:'  :ht:r  he*.:!::  from  the  bottom  are  three 
|':\  tvrri:  r.- •  :>  v  ix":  ;-,  vT.  ><  : -.t-ov  if  w^.-d  i*  laid;  on  this  are 
]'".;i  t»i.  V.  :".  x^::  .v/.  ;■.  -  :  .'.  ;-.  :-...::.:Kr  ci  kuden  plates  rulled  up  ia 
^^  r.v.:::..  4>  >:  .-^..x.  ..v  :  :*  .    v:  . ";     >  o.^ortAi  wiiL  a  leaden  plate.     The 

Y  '^  iiT«'  1  *.,.ii\:  .V.  r.  x^  >  ..•\  V  :  ?>-^.!.::  .:  urJor  a  shoil.  and  covered  with 
!■  ;.!iN.  ^ ::  \x':  .":.  >  ..  ■  ..•::.:  >:r..  :■..:.■.  .:"  1.-.  r*o-Jun-;  on  thi.s  airain  li 
pl;u*i\l  a::*:*: ;  r  ^  x*  .::.>.-  a:..;  >.  .v..  ::''.  ?:x  n.'ws  are  f"rmed  one  abm-e 
tl'.o  v:\xr.  1:0  ■..:\:.  !v  -.iji  >"..u  ■;;\^^..I^•^it•on,  evolves  heat,  which 
l:i\i»iiT>  il-.i-  i\.i|.  :.;::  v.  » :"  ::.o  \  ■.:-o,-.-,r.  :\v.\  likewise  pvo?  otf  rarltonie 
:Ji*iil,  whrr«  I  v  :1  ■.*  !. ..  :■.  \:.:i  >  -,  jar..:-. 0  In  m  the  acetic  acid.  Circula- 
lioii  111' air  i>  i>m  :::./.  ;.  :]..>  \t<k\'><.  1:;  ilie  course  of  4  or  5  weeks, 
the  u'roator  j-arr  .  r  i:.c  w!..  ii-  k:  \\.c  '.kwA  i*  converted  into  white  lead,  the 
fliar^o  tak'iJ:^'  J -lu-o  fr,  iii  n  .:*:  '.;;  i:;u:ii\i>  The  white  lead  is  then 
tli'ti.ljoil-  jr.-tiihl  to  a  str/.i-r';i:*l  c.T.>i>torce  «h.le  ^till  moijit — freed 
fii  III  adl.iMinu'  a.itato  I  v  wa>li:i^,--  .nul  ihinl  in  .Miiall  round  iH>t,<  having 
llii'  tiiMii  of  iM:i;,at.il  n  ::o-  I  TM\a.<!A'l  ^\i.ite  load  still  C'intain«  a  lar^-e 
f|i.antitv  of  in  ntral  arriaii-  vlVLu.-f';  arovirdiiii:  to  lIlH*lt^tetter,  it  ci»n- 
1:ilii>  frmn  i»  lo  IJ  |or  eoiii  — '.  iw'trnan  MtrAwi :  Plate*  of  lead  a» 
Mi>j  ended  within  wooden  boxe^  placed  in  heated  chambers,  and  cuntainin^ 
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&  stratum  of  acetic  acid;  or  the  plates  are  suspended  in  lieated  cbainlieTij 
haTiOjE:  their  floors  covered  with  tan  and  acetic  acid. 

When  basic  acetate  of  lead-oxide  is  precipitated  by  a  very  alight 
excess  of  carbonate  of  soda,  the  precipitate  likewise  consists  of  2(PbO, 
CO^)  +  PbO,HO.     (Hochstetler) 

White  lead  forms  a  white,  earthy,  dense  and  heavy  mass^  which 
possesses  greater  coating  power  than  any  other  white  pigment,  By 
whichever  of  the  preceding  method;?  it  Is  prepared,  it  is  found,  when" 
diflused  through  water  and  examine<l  by  the  raicroscope,  to  conai^  oj 
non-crystalline^  transparent,  round  and  oval  globules  of  the  sita  of  O'DOOOI^ 
or  rarely  from  0'000(i3  to  0*00004  of  an  inch;  the  new  method  jrields 
globules  somewhat  larger  and  more  transparent  than  those  obtained  by 
Uie  older  proce^.  (Hochstctter.) 

1,  a.  M  is  white  lead  prepared  in  the  Magdeburg  factory,  by  the 
newer  French  method. — 1,  a.  Hock,  is  that  prepared  in  the  same  manner 
on  the  small  scale  by  Hochstetter. — 2,  a,  HolL  is  white  lead  from  the 
Dutch  factories,  and  prepared  hy  the  Dutch  process. --2,  a.  Hodi,  is  whit 
lead  prepared  by  Hochstetter  himself,  according  to  the  Dutch  procesi 
2,  6.  Kt\  is  Kramer  white  (which  contains  more  or  less  of  a  blue  colour, 
probably  indigo,  and  therefore  yielils  a  few  metallic  globules  when  ignited*) 
\Mulder). — 2,  b.  Off,  is  white  lead  from  Offenbach. — EngL  is  English 
white  lead  (mode  of  preparation  not  given). — II an.  is  white  lead  from  a 
fiwitory  in  lh€  Harz  (mode  of  preparation  Jiot  given).— ^raf,  is  white 
lead  prepared  in  a  particular  manner  by  Stratingh^  containing  less  hydrated 
oxide  than  the  ordinary  product,  and  consequently  remaining  wliite  in 
the  dark  when  mixed  with  poppy  oil. — Saturated,  is  Dutch  white  lead, 
suspended  in  water  and  exposed  for  some  time  to  a  stream  of  carbonic 
acid  gas. 

Hochstetter.  Mulder. 


Mulder  (Ann.  Pharin,  33,  242;  also  J,  pr,  Chem,  19,  70)  dried  the  white 
lead  at  130''  before  analyzing  it,  whereby  it  lost  from  0'23  to  0'34  per 
cent,  of  hygroscopic  water.  Hochstetter  (X  pr.  Chem.  20,  33 S)  and 
Link  (Ann,  Pharm.  46,  232),  and  probably  also  Betto  {AniL  Pharm, 
33,  251),  analavzcd  white  lead  dried  at  100\— HocWtelUr  ^^iu\i^  u\  V\\^ 
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r  myifct  t»  fonm  neutiml  aeetiU. 
Tfon  oilier  kiBik  of  wkile4aMl,  MoUermU  not  oxlniet  a&j  aeetic 
Vjr  boiknif  witli  sUk^of-ttver — tko  miij  mht^Mmm  thcrthj 
tmg  m  timee  of  diJoriie  of  rtlnom,  iitiwwMriiiig  finooB  ekloriiio  i 
OOttMMBid  SB  thm  vkito  leo(<  asi  fmtkahfy  ptwlMOf)  W  iaponlie 
wsttr  ooed  IB  pivp^riBf  it.    Liskt  «Imv  oa  Jiiiilliitg  Kwbbici 
«til|»bane  mM^  oktaiDed  nol  a  traee  of  aoolio  BoU-^^-^Btilar^  oa  diaoolrii 
wkhe  load  in  totd  and  Tenr  dilnte  meetie  acH  Caoad  thai  Datdi  wkiti  ' 
load  Ith  snail  qoantttMi  of IcBd,  salfUdie  of  IomI,  aalpliBto  of  lead-oxiJe, 
and  oklonde  of  lead — Krcnuer-wldto  and  Bagliik  wluie  load,  anaU  qtuui* 
tilioB    Bad  SUatkfli*!  wlute  lead,  tnwoa  of  oabiuilo  of  kwl-oxido  and 
eblorido  af  load.-— [For  tbe  aBatjsoi  of  Pbff  and  Biookolt  yrhL  SAtp.  SS, 

From  IJm  anal  jobs  just  gi^on,  tt  niajr  bo  cooolBded  Ibai  wluto  had  ii 
mpooed  of  3jFbO,CO*)^PI»0,UO,  hoi  Uiat  tliii  co«|>oBa<i--^oopocially 
if  tlie  action  of  tlio  carb^o  add  bo  long  ooiiluiQcd — Bar  be  mixod  AOM 
or  Itm  with  nonooarbonaiOi  PbO,CCF,  wboreb/  iu  tiIoo  i 
Yho  maUer  tbe  quantitj  of  bjdrate  tbat  it  contBins^  tbo  belter  i 
nncad,  and  the  le^  b  it  liable  to  tarn  brown; — f.  fj,  tb^t  of  Stratii 
PfobaUr^  (berefore,  pare  monooarbonatt  of  lead-oxitiey  e^  y.  that  _ 
bj  prertpitaitng  a  lead-oalt  witb  carbomlo  of  potash^  migbt  bo  tbe  heUp 
idaptecl  for  a  pfgment 

Ordinary  wkiU  lead  b  mixed  wttb  con«d«nible  f|itaiitltii9s  of  booT 
WffKt^  synoom  or  cbalk.     Hear/  ainr  and  gjrpcain,  likewise  %nj  snlji' 
of  lead  tiiai  mt  j  be  accidentally  preeent,  are  left  l>ehind  wbpu  tbo  « 
lead  is  di4«olred  in  dilute  acetie  or  nitric  acid«     Wbeu  white  lead 
tainina:  chalk  i«  treated  with  hydroebloric  acid^  the  filtrate  eraporMed, 
and  the  residoe  digested  in  alcobol,  a  eolation  tif  chloride  of  calcia 
in  obtained.     Pnre  white  lead  diaalfes   complirtely   m   boiling  d 
pota«b-]ej;  oonoentmted  solution  of  potaob,  according  to  Bottger^ 
rerte  it  into  anbjdrous  lead-oxide. 

Oi  M<mo€arhfmaU.  —  Found  native  in  tbe  form  of  Lf^id-^par  or 
kad-ore,  Sometlmee  it  exbibitj!  the  fonn  of  the  sulpbido  or  0ttlp 
from  which  it  baa  been  fonned.  Obtained  by  precijiitating  a  iMnoal 
tead-«alt  wilb  an  alkaline  curbonate  in  excen.  Berzoliu^  P'*^^.  47^  109) 
precipitatoi  nitrnte  of  leadoxiile  with  carbonate  of  anm  i^rboiiaM 

of  »4^abe  need  oa  tbe  precipitant,  and  the  precipitat  vritb  ikt 

]ic]Qrd,  the  earlK>uate  of  lead-oxide  (according  t^»  tbeeamo  »  ear- 

ncM  down  with  it  a  nnall  qnantitj  of  carbonate  of  soda*    B<*tt    , 
eugar-of-lead   with    carbonate  of   ammonia;  Mulder  witb   carttona 
potank— ^   Aocordinff  to  Lefort  {N,  J,  Flinrm,  15,  26),  tl^-^ 
thrown  down  bj  alkaline  oarbunatcs  from  a  hot  solution  ol 
of  3PhO/2CO,'HO;  the  neutral  carbonate  PbO^CO*  \b  obl4u«^.i  vui/  b/l 
r»rocipitiitmg  in  the  cold.  % 
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Tlie  native  compound  belongs  to  the  rlgbt  prifiniiatic  system;  Fig. 
'155,  56,  and  other  forms.    Ti:w^=:62=^  56*;  M:e^^l22°  28';  a:M  =  l43"33'; 
f  :f=rl44°  44'.     Cleavage  parallel  to  it.  (Hauy.)     Specific  gravity  6'465. 

»(Mohs.)     Harder  than  calc^par.     CtOourlesfi,  transparent,  with  an  ada- 
mantine Justre.     Decrepitates  whou   heated.     The  artificially  jirepared 
Kilt  is  a  white  powder,  whose  denaityt  according  to  Karaten^  in  6"4277. — 
Carboniite  of  lead-oxide  gives  off  carhonic  acid  when  ignited;  dissolvea 
I  Tery  sparingly  in  cold  water,  to  a  greater  extent  in  water  eon  tain  iiig  sal- 
[ammoniac,  especially  on  the  application  of  heat.     IT  According  to  i^rese- 
Iniuti  (Ann.  Fkann.  5J>,  124),  1  part  of  the  salt  dissoh^cein  50551  parts  of 
(pure  water  of  medium  temperature;  in  23450  parts  of  water  cotitaioing  a 
[ffmalJ  quantity  of  acetate  of  ammonia,  together  with  carbonate  of  nm- 
fmonia  and  free  ammonia;  and  in  a  somewhat  ^nailer  quantity  uf  water 
containing  a  large  quantity  of  nitrate  of  ammonia  together  with  carhonate 
*     amonla  and  free  ammonia.  IT — It  comhines  with  chloride  of  lead* 
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H        Lead-earth  is  earthy  monocarbonate   of  lead-aiide. — Zinc-lead- gpar 
^  contains  7  per  cent  of  zinc-carhonate  united  with  the  lead-carbonate. 
(Karsten,  Schw,  65,  365.) 

d.  Fivefonrihi  Carbonate?  —  Mononitrate  or  acetate  of  lead  oxide 
mixed  with  sesqiii  carbon  ate  of  soda,  yields,  without  sensiblo  evolution  of 
carbonic  acid,  a  white,  heavy  precipitate,  which,  when  washed  and  dried 
in  the  air,  resembled  white  lead  and  contains  80  per  cent,  of  lead-oxide 
and  20  of  carbonic  acid. 

e.  Acid  Carfionate. — Carbonate  of  lead-oxide  le  Very  slightly  feolublo 
in  water  containing  carbonic  acid.  A  solution  of  lead -oxide  in  water  is 
rendered  turbid  by  a  small  quantity  of  carbonic  acid,  but  regains  its 
transparency  when  treated  with  a  larger  miantity.  (Wctalar.^  Lead 
covered  with  aqueous  solution  of  carbonic  acid,  in  a  vessel  containing  air, 

•Ins  to  utmisn  on  the  second  day,  and  tbe  liquid,  which  remains  trans- 

ent,  acquires  a  strong  brown  colour  when   treated  with  sulphuretted 

en,  and  yields  a  dsmall  white  precipitate  on  boiling.     But  traces  of 

I  salts  in  the  carbonic  acid  water  prevent  the  solution  of  the  lead. 

jTUnnermann.) — The  solution  of  lead-oxide  in  water  is  rendered  tnrbid 

iy  a  small  quantity  of  carbonic  acid,  but  regains  its  clearness  almost 

entirely  under  the  mfluence  of  a  larger  quantity.     The  mixture  reddens 

litmus  and  becomes  turbid  when  heated  or  when  mixed  with  carbonate  of 

soda*  (Wetilar.) — White  lead  precipitated  by  carbonic  acid  from  l«a»ic 

-acetate  dissolves  in  carbonic  acid  water;  the  solution  contains  be- 

^^,^  and  jT^^Tro  of  oxide^  is  rendered  turbid  by  monocarbonate  and 

'fiicarhonato  of  potash,  and  coloured   brown  by  suiphnretted  hydrogen. 

(Yorke.)     According  to  Fr.  John   {Atm.  Phann.  28,  117),  carbgnato  of 

lead-oxide  is  not  soluble  in  carbonic  acid  water* 
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'lien  heated  to  redness  in  a  retort,  it  gives  off  spontaneously  iu- 
lable  plio.spIiuretted  hydrogen,  find  leaTcs  pliospLate  of  Icad-^oxid© 
L  with  a  very  email  quantity  of  phosphoric  oxide.  Dissolves  with 
iJty  in  cold  water,  more  easily  in  hot  water,  but  not  in  alcohol, 
ij  on  the  contrary,  precipitates  it  front  the  aqneoas  solution  in  pearly 
.  The  a<|ueou3  eolulion  is  not  decomposed  by  boiling.  Ammonia 
cess  throws  down  from  it  a  powder  containing  91*20  per  cent,  of 
iicide,  l*i57  acid,  and  7  14  water;  wben  the  liquid  filtered  from  this 
ntate  is  boiled,  it  depoijit^  diikes  whicb,  after  drying,  contain  86*83 
,  ^*5S  acid,  and  8'7i)  water;  the  liquid  stUl  retains  lead-oxide  in 
oa.  fH.  Rose.) 

he  alkaline  liquid  obtained  by  saturating  aqueous  hypopbosphorous 
Jrith  lead-oxide  J  if  kept  cold  for  a  long  time  in  a  stoppered  bottle, 
ita  a  sandy  powder,  and  acquires  thereby  tbe  power  of  rcddeninff 
i;  because  the  salt  which  remains  in  solution  is  monobasic.  (H.  Rose.) 
irtjc  did  not  succeed  in  preparing  a  biiaie  salt;  the  alkaline  hypo- 
ibites  do  not  precipitate  basic  lead-acetate;  but  the  mixture  becomes 
1  even  in  the  cold,  and  more  quickly  wben  heated,  giving  off  pure 
>geu  gas  and  depo«iting  phosphite  of  lead-oxide,  which  is  likewise 
iudy  powder  observed  by  H,  Rose. — A  peculiar  compound  belonging 
ia  head  was  obtained  by  Grotthues.  {Phys,  clum,  Forsckungm^  I, 


,  PnosPiiiTKOP  Lead-oxide,  or  Lead  PnospnixE. — a.  Qtiadrobanc. 
rmed  by  digesting  recently  precipitated  dipliospbite  of  lead-oxide 
aqueous  ammonia  in  a  closed  vessel  for  several  weeks,  ancl  then 
ing  with  alcohol.  The  filtrate  is  free  from  oxide  of  lead*  The  ealt 
heated  to  redness  in  a  retort,  turns  black  and  yields  hydrogen  gas 
From  phosphorus,  and  a  residue  which  in  100  parts  contains  8703 
I  and  12-07  phosphoric  acid.  100  parts  of  the  salt  evaporated  with 
I  acid  and  then  heated  to  redness,  leave  09*92  parts  of  Icad-phosphato 
ining  S5'80  parts  of  oxide.  (H,  Rose,  Fogg.  9,  222.) 


4PbO 

448-0       . 
55-4 
18-0       . 

...       85-92 
...       10-63 

3*45 

H.  Rose. 
85'8l 

2HO  

10-95 
3-24 

4FbO,PO*  +  2Aq. 

52M       . 

...     100-00 

100*00 

Biha^k. — To  prepare  this  salt,  torchloride  of  phosphorus  dissolved 
large  quantity  of  water  is  neutralized  almost  completely  with 
onia;  a  hot  aqueous  solution  of  lead-chloride  added  to  the  liquid,  the 
f  precipitate  freed  from  ailliering  lead-chloride  by  eontintied  washing 
boiling  water;  then  pressed  to  remove  the  greater  quantity  of  tlie 
i,  und  dried  in  vacuo  over  oil  of  vitriol. — White  powder.  (Berzeliua.) 
I  if  the  washing  bo  continued  till  the  wa«h-watcr  no  longer  gives  a 
dity  with  solution  of  .silver,  the  precipitate  still  retains  a  portion  of 
chloride;  hence  a  better  mode  of  preparation  is  to  precipitate  aceta.^ 
ul'Oxide  with  phosphite  of  ammonia.  (H.  Rose,  Poj/g.  B,  ^^ 
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!!>BAi>  AND  Boao?r, 

Borate  op  Lead  oxide,  or  Lead-borate. — a.  By  Fuiion. — s.  Ill 
parts  of  lead -oxide  fused  with  24  parts  of  boracic  acid  form  a  very  wft 
yellow  g:lasii,  which  has  a  density  of  6 -4,  softens  eren  on  immersion  ia 
ooiltng  oil,  19  a  perfect  insulator,  and  tarnishes  in  hydrosulphune  mid 
gas  from  formation  of  lead-sulpliide. — ^3,  With  48  part^  of  lioraeic  acid. 
the  glas^  has  less  colour  and  greater  hardness. — y.  With  72  parts  of 
boracic  acid,  the  glass  is  nearly  colourless  and  as  hard  as  flint  glass?,  but 
has  a  greater  refracting  power,  (Faratlav*  Pofj^,  18,  56  L) 

b.  By  Precipitation.  An  aqneoas  solution  of  borax  added  to  a  IcaH- 
salt  throws  down  white  flakes,  wlitch  niav  be  ftised  to  a  transparent  gla«i; 
they  are  slightly  soluble  in  pure  water,  but  in^jolublc  in  water  eontafniiij^ 
a  Boda^Fah;  hence  borax  in  excess  throws  down  the  whole  of  the  Imi 
from  lca<l-salts.  (Sonbciran.)  The  salt  precipitated  by  borax  is  PbO/JBO*. 
and  the  same  proportion  holds  ^oo4l  in  precipitation  by  quadruborat?  ti 
ammonia,  hecatise,  in  tlitit  case,  boracic  acid  remains  in  the  liquid  in  com- 
bination with  a  very  small  quantity  of  lead-oxtde.  (SoubeiraOy  J.  Pkarm, 
11,  31.)  According  to  Tiinnermann  {Ka^tn.  Arch.  20.  8),  borax  added  k 
excess  to  nitrat-e  of  lead-oxi<le,  either  at  ordinary  temperatnres  or  »ti 
boiling  heat,  throws  down  a  salt  cont;iining  70-99  p.  c^  lead-oxide  t« 
29  01  boracic  acid*  If  the  solution  of  borax  is  previously  mixed  with  i 
quantity  of  boracic  acid  sufficient  to  give  it  a  slightly  acid  react i<*n,  i 
bulky  white  precipitate  is  throw u  down  containing  55*18  lead-oxid«  ti 
44'82  boracic  acid. 


Lead  and  Phosphorits* 

A.  PeospniDE  of  Lead. — a.  When  phosphorus  is  thrown  upon  imM 
lead,  or  when  lead-filings  are  ignited  with  an  equal  weight  of  glMnl 
phosphoric  acid,  or  chloriile  of  lead  with  phosphorus,  a  compoonJ  i* 
formed  containing  not  more  than  15  per  cent,  of  phosphorus:  it  hw  lb 
colour  of  lead;  maybe  cut  with  a  knife,  but  Fplits  into  laminao  whta 
hammered  J  tarnishes  quickly  when  exposed  to  the  air;  and,  when  bc»i^ 
before  the  blowpipe,  yields  a  phosphonis-flame  and  a  globule  of  lw«t 
(Pellctier,  J"/i.  Chim,  \^,  114*) — Ik  Phosphuretted  hydrogen  gaaj 
for  two  hours  through  a  solution  of  sugar-of-lead,  yields  a  bro« 
pilate,  which  burns  before  the  blowpipe  with  a  small  pho^pb  — 
forming  beautifully  crystallized  lead-phosphate,  (H,  Hose, 
326.) 

B.  HypoPHospHiTE  OP   Lead-oxide,    or    I 
1,   Lead-oxide  in  excess  yields  with  cold  aqueon 
solution  which  exhibits  an  alkaline  reaction,  ^ui  i    ' 
hypo  phosphorous  acid,  deposits  the  mono^lft^>^  >»it  \;\ 
having  a  feebly  acid  reaction.     Wl  ' 
oxide,   lead  is  reduced  and 
Pogg.  12,  2fi8).— 2.  By  dig 
oxide  with  aqueous  hyp 
porating,   Mnall,  sligbtli 
obtained,  which  redden  ^ 
Ann,  Pharm.  43,  227  ) 


LEAD-PHOSPIIITE. 

Ciyttailized. 

..  112*0  ...  66-12 
a9*-l  ...,  23-25 
IB'O     .,..       lO'Sa 


12l> 


Wiirti. 

66*05 
23"15 
lO'SO 


FbO,PO  +  2Aq 169*4 


100-00 


100*00 


When  heated  to  redness  in  a  retort,  it  gives  off  spontaneously  iu- 
flammable  phosp  buret  ted  liydrogeu,  nnd  leaves  pbogjphate  of  lead -oxide 
mixed  with  a  very  small  quantity  of  phosphoric  oxitle.  Dissolves  with 
difficulty  in  cold  water,  more  easily  in  hot  water,  Liit  not  in  alcohol, 
whichj  on  the  contrary,  precipitates  it  from  tlie  aqueous  solution  in  pearly 
scales*  The  aqueous  solution  is  not  decomposed  hy  hoiling.  Ammonia 
in  excess  throws  down  from  it  a  powder  containing  91  20  per  cent,  of 
lead-oxide,  1'57  aci<l,  and  7  14  water;  when  the  liquiil  filtered  from  this 
precipitate  is  boiled,  it  deposits  flakes  whicli,  aiter  drying,  contain  86*83 
oxide,  4*58  acid,  and  8  7 9  water;  tlic  liquid  still  retains  lead-oxide  in 
aoluiion.  (H,  Rose.) 

The  alkaline  liquid  obtained  by  saturating  aqueous  hypophosphoroua 
acid  with  lead-oxide,  if  kept  cold  for  a  long  time  in  a  stoppered  bottle, 
deposits  a  sandy  powder,  and  acquires  tlierehy  tbe  power  of  reddening 
litmus;  because  the  salt  whicli  remains  in  solution  is  mouoljasic.  (H.  Rose,) 
— Wurtz  did  not  succeed  in  prep^iring  a  basic  salt;  the  alkaline  bypo- 
phosphites  do  not  precipitate  basic  lead-acetate;  but  tbe  mixture  becomes 
turbid  even  in  tbe  cold,  and  more  quickly  when  heated,  giving  oft'  pure 
hydrogen  gas  and  depositing  pboi*phite  of  lead-ox ide^  which  is  likewise 
the  sandy  powder  observed  by  H,  Hose. — A  peculiar  compound  belonging 
to  this  Lead  waa  obtained  by  Grotthuss.  (Fhys,  chem,  Forschnngenf  1, 
106.) 

C.  PiiospniTE  OP  Lead-oxide,  or  Lead  PiioepniTE. — a.  Quadrohask. 
— Formed  by  digesting  recently  precipitated  diphospbite  of  lead-oxide 
with  aqueous  aumionia  in  a  closed  vesiiel  for  several  weeks,  and  then 
washing  with  alcohoL  Tbe  filti-ate  is  free  from  oxide  of  lead.  The  iialt 
when  heated  to  redness  in  a  retort^  turns  black  and  yields  hydrogen  gas 
free  from  phosphorus^  and  a  reiiiduo  which  in  100  ]>art.-!  contains  87  03 
fixide  and  12*l>7  pbospboric  acid,  100  partes  of  the  salt  evaporated  with 
nitric  acid  and  then  heated  to  redncjiSj  leave  i>9  '92  parts  of  lead-phosphate 
L«>ntainiiig  85*80  parts  of  oxide.  (H,  Rose,  Po^g.  0,  222.) 


H.  Rose, 

4PbO  ♦...» ..«.. 

448*0       ,. 

.,.       B5*92 

8&"81 

at\J^       ■•.•.r*4  «*««>,«■*.*« 

65-4       ., 

..       10-63 

10-95 

2H0  

18*0       . 

3'45 

3-24 

4PbO,PO»+2Aq, 

521-4 

„     10000 

.....       100*00 

Bihask. — To  prepare  thia  salt,  terchloride  of  phosphorus  dissolved 
large   quantity  of  water   is   neutralized   almost   completely  with 
sia;  a  hot  aqueous  solution  of  lead-chloride  added  to  the  liquid,  tbe 
'  precipitate  freed  from  adhering  lead- chloride  by  continued  washing 
'  oiling  water;  then  pressed  to  remove  tbe  greater  quantity  of  the 
Bquid,  and  dried  in  vacuo  over  oil  of  vitriol. — -White  powder.  (Berzelius.) 
rea  if  the  washing  be  continued  till  the  wash- water  no  longer  gives  a 
iity  with  solution  of  j^ilvcr,  the  precipitate  still  retains  a  portion  of 
chloride;  hence  a  better  mode  of  profiaration  is  to  precipitate  acetate 
[fif  lead- oxide  with  phosphite  of  ammonia.  (H.  Rose,  Fogg.  9,  ^1*) 
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IV)  LEAD. 

Bcndiu. 

:>':0 iC4j      ...     ::•:      .^  .      :7-€9 

>>      .  :;  i       .     :•::       _  .       19-16 

h:»  >:::_.        s-is 
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Zuk  i^i!:.  -Iri  l-ri-.rti  :::  i  r^:.:r:.  ::j:l?  'iL&ck,  jive*  off  bjiirogeo  gw 

ti/.--:..:f  ■».:!  i  ^i.-jr  ,  .*i:i:y  .:'  L.i-»j.-:2:A::-^a»i_v  iodAnunable  pho*- 
ir.  .-^r"^!  £.;/:•  jri  i".  i  i::Tr"»"iri?  vLtII?  i-r*  Lyiix-j^n  pas  together 
•*l*i;  i  t  !r'4  .y  -i"-"r  .^i:^:r  .:'  --"-.1.— -i  t«£i..>f-L«rsi- — niMre  than  aoj 
'.*:.  r  t/.  .-•  ■  *-'- — i-  1  .-^v-.  i  "r  ;j.:ic:s-  7^  i  :c.  ^i-t'*  the  ealt  pnepaieil 
»;:.-  *!:.!  ;. .-  .:  >^..  ..1  -:-r  Tir.if  :1'?  i"ieki?i:  iv?:dar.  the  blackeaiog 
ji.'  '/i-..y  i:i-  --.  :.  :  iz  l:  :Lr  -:r:":  i.:ii  ■:*  :!ic  le^-ac«::ate,  but  from  the 
I  f.  /  ; !.  r.-:  L-r--.-  oi  -iri  '..[■,■  ;:.  i::ri-:  a  :  L  iH-.  I'lack  matter  vkich 
eTf'iri-.rT  it  l.-t:  :?  jrii.-.j  :  •=  Ivei.  TLc  r"j.ok:?h  re»:dae  cootaini 
Ty  '.'l  r.-  r  .:-•:.:.  '»  A:  Ir-  L-:iiir  iiil  20  -.^j  frir  ceai.  ^uul  4iute  2  At.) 
l,:..-:,:l,r:-i;:i.      Thvrvf.r^: 

:  ji-.o.pv-HO  =  ijPsO,4P(y^p-5H. 

(fl.  Ro^fi;  P. 11  r*.  221.:— TLo  ^il:  or.Iros  ^.ilj.hurc.u*  acid  from  beated 
o-i  of  vi-.r:-  !.  ' -'u::z.  ■  V."L-;n  hv.itei  w::h  niirio  aciJ.  it  yields  diphos- 
\Ai\\fi  *j(  \'-j.  l-^xM' .  wLer-::!-  •:  M  ::i:r!o  io:  1  ii:rS':Ive«  it  witbont  alteration. 
{}i:rz*:V.\:r,  AiA.C\-.\.  PK\*.  2.  '1'1\*  ' — It  -iijiolres  very  sparingly  in 
warr:i  i-:.-.Tj.h',r-.iiT  i-!  1.  ii.:..l  i?  pre^.^iitai-id  frcm  tbe  solotion  in  white 
flak'.-,  by  ai:.;iivL::i.  ^Wurtz.) 

I).    OkDI-NARV  PlK.^PHATE    OF    LeaD-OXIDE.   or    LElD-PHOSPnATE.— 

a.  T' rl'i.'\  1.  I5y  •:_-•>:!:.„'  v  with  an'.;o«-u*  ammonia. — 'J.  By  procipi- 
latiij^'  !;•:.:  m1  u*^'  ut'.-  "i"  ;•■;:  l-uxiiK;  will*  iiijil....<|haie  of  ^oda,  whereby 
M.fM\\*:  iifi'l  i-  ict  iVi  •.-.  V.'i.iif;  U-*  fusible  than  h.  When  beated  on 
<:liar':o:il  li«f'jre  liiO  hi  iUj.-iM?.  it  is  roduooil  t-i  6,  while  the  third  atom  of 
lead-ox ih.-  i-s  rducci.   ^^Ijcrzciiu?,  Mitacherlich,  IKiutz.) 

fiorzcliiis. 

:M»-.0 S'.r.O       ...       !?2J7         K2  52 

vViy  71  I       .  .       K-.Vt  ..    .         17-18 


:;!• /».'.:'()'    .    .  .       4M7-4       ....     lUU  UJ         10000 

h.  Jiih'if'ir.  Kuril I'.mI  hy  »Ii»uhle  <IotN'miio.-*iti<in. — The  host  mode  of 
<;!»t:iiiiiiiL^  it  jMin'  U  tn  mix  dipliosjihato  of  .-ioila  with  a  hot  aqut'^-u-* 
h'lliiiJMii  of  rhlmi'h' nf  1«' I'l.  nUM/«'lin<.)  Thi«  alkaline  dij»hu!?phato  mu-t 
ho  ji'M'-il  ilpijj  Ijy  ilniji  t«;  till?  l«:i  I-.-^alt,  >o  that  tin*  latter  may  ri'mitin  ia 

<\'« :   ill  till*  rn!itiarv  «;i  <-,  a  iiionn|iln).'»|iha!i'  of  the  alkali  ie  fnrmnl  aiM 

!ri|iii'.-jiliitf  <.f  !■  :nl  nxi'h'  i-  jin'ripitati-ii.  ( Mitsrlu'rlii-h.)  The  .silt  i" 
iihf:iiii.-i  ill  aa  iiii)iiim  ^^;^te  hy  iiiixiiiL'  areiate  or  iiiir.itf>  of  lea«l-oxi'li' 
with  :iii  a  |ii  ifii-  -..lutioii  i.f  \\r\A  ]fh('>]»hate  of  lime,  or  with  a  solution  uf 
hoiK-a^h  ill  iiitrir  acjil.  or  uiili  iiriiii*.-  W'liilf  powiler.  whieh  fus^e>  ut  a 
/^I'lirh'  l«Mt.  :iuii  i;ii  nmliii;r  a>-iimf.-  a  ri\>talliiie  Ntructure,  the  »i>li«Jific»- 
ti>Mi  lM:;n./af.;«mijj;nii«il  hy  viviil  iiic:imh.>ceiire.   (Futhd,  Schw.  IS,  2yi.) 
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LEAD-PHOSPHATE.  13 1 

The  salt  melts  before  the  blowpipe  on  charcoal,  withoat  redaction  of 
the  lead.  (H.  Rose.^  When  strongly  ignited  with  charcoal,  it  yields 
lead  and  likewise  phosphoms  which  volatilizes.  (Sch.  83.)  It  is  decom- 
posed by  sulphuric  and  by  hydrochloric  acid;  dissolves  in  nitric  acid,  and 
in  potash  and  soda,  not  in  water  or  in  acetic  acid;  but  according  to  Brett^ 
it  dissolves  in  solution  of  sal-ammoniac,  and  is  completely  precipitated 
therefrom  by  a  large  excess  of  ammonia. 

T  According  to  Heintz  {Pogg,  73^  122), and  Gerhardt  (iT.  Ann. 
Ckim.  Phys,  22,  505),  the  precipitate  obtained  by  mixing  solutions 
of  chloride  of  lead  and  phosphate  of  soda  always  contains  chlorine; 
it  is  in  fact  a  double  salt  of  phosphate  and  chloride  of  lead  {yid, 
p.  150). — When  nitrate  of  lead-oxide  aud  ordinary  phosphate  of  soda 
are  mixed,  a  precipitate  is  formed  consisting  of  two  salts,  one  of 
which  contains  3  At.  base  to  1  At.  acid,  and  the  other  2  At.  base  and 
1  At.  water  to  1  At.  acid.  The  salt  containing  2  At.  lead-oxide  can  only 
be  obtained  pure  by  precipitating  a  boiling  solution  of  lead-nitrate  with 
pnre  phosphoric  acid.  The  precipitate  is  white,  crystalline,  and  has  a 
mother-of-pearl  lustre.  It  fuses  before  the  blowpipe.  Its  analysis  agrees 
with  the  formula,  2PbO,HO,PO*.  (Heintz.)  IT 

c,  3  At,  Acid  to  4  At.  Base, — By  precipitating  the  hot  aqueous 
solntion  of  lead-chloride  with  excess  of  monophosphate  of  soda,  and 
washing  with  hot  water.  White  powder  which  reddens  litmus.  (Berzelius.) 
Probably  a  mixture  of  bibasic  and  monobasic  salt. 


4PbO    

3PO* 

Ignited, 

448-0      ....      67-66 

214-2       ....       32-34 

BerveliiiB. 
69-731 
30-269 

4PbO,3P(y 662*2      ....     10000        100000 

d.  With  excess  of  Acid, — Lead  dissolves  slowly  in  aqueous  phosphoric 
acid,  when  aided  by  the  action  of  the  air;  a,  6,  and  c  dissolve  sparingly  in 
that  acid;  the  solution  when  evaporated  yields  a  few  homy  crystals. 
[Oo  the  phosphates  of  lead-oxide,  vid.  Ann.  Pharm,  68,  286;  also  Gerhardt^  N,  Ann, 
Ckim.  Phy$,  22,  505;  Heintz,  Pogg,  73,  122.] 

E.  Pyrophosphate  op  Lead-oxide. — By  precipitating  a  lead-salt 
with  dipyrophosphate  of  soda.  The  precipitate  dissolves  in  an  excess  of 
that  reagent,  and  when  boiled  with  ordinary  diphosphate  of  soda,  it  is 
converted  into  ordinary  phosphate  of  lead- oxide  and  pyrophosphate  of 
soda.  (Stromeyer,) — IT  White  amorphous  powder  soluble  in  nitric  acid, 
in  caustic  potash^  and  in  pyrophosphate  of  soda — insoluble  in  ammonia^ 
acetic  acid,  and  sulphurous  acid.  (Schwarzenberg.) 

Schwarzenberg. 

2PbO   2240      ....       75-83        76-29 

^PO* 71-4       ....       24-17         23-71 

2PbO,*P0* 295*4       ....     100*00         ZZ!       100*00 

According  to  Gerhardt  {N,  Ann.  Chim.  Phys.  23,  505),  the  precipitate 
formed  by  mixing  an  alkaline  pyrophosphate  with  excess  of  lead-nitrate, 
conaiste  of  2PbO,PO*;  but,  on  the  contrary,  if  the  alkaline  pyrophosphate 
ia  in  excess,  the  precipitate  is  redissolved  on  the  application  of  heat,  and 
after  it  has  become  permanent,  contains  variable  quantities  of  alkali.  A 
definite  compound,  PbO,NaO,PO*  in  the  form  of  a  granular  precipitate 
insoluble  in  water,  may  be  obtained  by  boiling  the  first-mentioned  ^lo^v 
pitate  with  excess  of  pyrophosphate  of  soda.  % 

k2 
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A-  'iTi-T  Tirr  ^Ti?zm  -  Z.z^z  — A  fi-f'j  iiTMeJ  mixiare  of 
I>".  porir  ::'  r^i'L.'L  lz  i  ?-  :  j:ii  ifiir-:  f.r  ;&  ^i*r:er  of  an  hour 
'.1  1  ▼^.1-:.  *:-:  '-iju-  :-l  :ri-:.'-!f  j":tr««:  ia  &  wL-i-:in:ace  with  1 
•*: •  1  r  in -.  J i-  T  T . ; i  1 A -fe  T :ir-. ?  :*  i  i  1.. .  I *i.:-i. '.•: i r«*J.  dc^ jrained, 
**^r----!-!L  ^  ■ "-  i,  ::  -z.^nr-.  ::":..  t  tj  l  fir'i  rr^J  cloar  on  she  cttt 
s-r£i.:»r  ''''l^.  iii  :rl  7  ~  :r.-:  i:.«L  ::  ji:lii  ?»f  r*r  cent,  of  I«dr 
*--^^jii-.^.  1-:  I1L-- :lrr:J.rf  :i.---i.-  J  .-^  jtrri^::!  cf  silphur.  (BreJber;^, 

B.  iTTTiPzrr-  .7  lrj.r  — '..  5t  :lf  fcnif  rrjces*  a«  for  the  pit- 
f'.^A.z.^  r'.-yizi — T-;-:-.-j  :Li:  :lr  r-.\:j^«*  i*  f-seii  in  an  eartnn 
\:..''.'^'i  .:  i  ■:._!:•;  :il  .:;-."-:  1=.:  :-.v:r -i  t::!  :.  nx — 150  part*  of  » 
r.-. .  r .  r.  :■.  :■.!-:  r..  1 1 : :  r ;  .  7  r  "  \.\  :.  ■: ■ : .  :  1 '  .  .  j  .^  i  i rk  lea- len -gn?  v  colour. 
:■:::;.  .r.  1  :  zz^'.z.-^^  T  2v7  pvr  cenu  of  salphar. 
zzl-.:  :  l-rii-ix:  i-?  :jT:::eii  is  a  charcoal  crnciUe 
i-  .  1  i:. :  '.•:j,'"i<  ::?i'.rj:.:'?  ..:"  Ie.vl.  which,  at  a  hlgber 
V . .  i  -.  '. ;  2.>  i  -  1  1  j  rar: '.  V  . L vvn .  p-;.?^,  leariag  » 
^:.     li^rthivr.  ^  1  :.  '.'.:  .^i^^j.«.  22.  240,) 

('.  Pft  .T'.T-r.Pnirz  "F  Lea?. — F  uni  n:i::vo  in  the  foiro  o(  GaUno- 
.S-.!j  hi'le  '.f  Ivii  :-  l.k-  ■w:-*- :::  :  u ::'::,  l.iv;:!  j  :h-:  {"vrm  of  iW  Puljmorphitf 
fr'.rn  '*h:' 1:  i:  Lri-K--:.  j  r  .-i;.-.  i. — T"::i-  C"Tn|-un«i  is  formed:  1.  When 
j-'jlf.hur  i-  mix-i  wi::*  r.:t;l:»-l  !»:i'i.  th-?  wL"Ie  l»econiing  red-hot.  A 
mix!:'..'*:  of  llr>:ly  iiiv- !•  i  I- ui  :il.1  <':li.;:ur  iu  O'lual  numbers  of  atom-S 
f.!'."^"!  in  :i  _•'.  i-s  t-^-e  a:,  i  !..:.i:...i  ;i:  -  r.o  on-i,  ■■nly  <o  far  as  to  indnce 
roiijMriiiti'.r..  .1 -:-j  r.i.t  c  M:r.::e  !••  liini  uulo?:?  the  lul>o  ha«  previously 
Lr-Mi  hr-Titc-l  in  ).•■.] in.'  wa:or.  Srrij-^  of  loa-l.  which  iiiav  be  toleraWt 
flj.rk.  t:ilr:'-  rln;  in  -:ilj.!i;ir  vap-.ur  an-l  l:irn  with  vivid  irlow  and  di»|»o«- 
ti'.n 'J  i.:i:f-ti...|  .-i-.}..;!...  .f  l,ui-.iilphi.Io.  (Wiiikclbloch.  Jini.  i'Aiii*. 
li''.  .';7.) — 1'.  I{y  lj'::t:nu'  I':.i«l-«.xi«lir  with  cxco?^  of  sulphur. — 3.  Bf 
l.rin/ii:j'  Iiy'irn..iIj.I,-irl.-  ;u:iil  ..r  an  alkaline  hyilrosulphatc  in  coniaei 
with  l.:i.l-«..Vi.l.-  nr  \U  yAi-. — Hooi|iUTel  {Ann.  Chim.  rhys.  53,  lOtf),  ^J 
iMinicr.-inj  finniJ.ar  in  a  solution  of  hydn^chloratc  of  magnesia  contained 
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m  a  gkes  tube,  dipping  a  leaden  plate  to  the  bottom,  and  leaving  the 
j  tube  well  closed  for  six  week^,  obtained  grey^  met  a!- shining,  regular 
I tetmbedrons  of  lead-sulphide,  which  formed  on  the  sides  of  the  tube;  the 
I  liquid  smelt  of  bydrosulphuric  acid  and  chloride  of  sulphur  [ ?],  and  gave 
'  oJTeuJpbaroas  aeid  when  treated  with  a  stronger  acid;  the  lower  part  of 
Ibe  lead  became  brittle  from  absorption  of  mercury. 

The  native  sulphide  forms  crystaU  belonging  to  the  regular  system, 
[Fry.  1,2,  4,  6,  8,  and  other  forms;  cleavage  very  easy  parallel  to  c, 
"^  cific  gravity  7'58;  harder  tbaa  rock^sak;  easily  pulverized;  of  a 
iisb  lead-grey  colour;  decrepitates  when  heated.  The  jsulpbide 
obtained  by  fusing  it5  elements  together  is  lead -grey^  with  a  crvstallino 
gnuiular  fracture^  that  which  is  precipitated  by  eulpburettcd  liydrogen,  is 
a  browu^blaek  powder,  aad,  aerording  to  Kar^steii,  ha^  a  density  of  7'5052 
after  fusion.  Sulphide  of  lead  fuses  at  a  strong  red  heat,  volatilises  at  a 
itronger  beat,  and  sublimes  undecomposed,  if  kept  from  contact  with 
the  air, 
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S 16      ....      13-34 
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Sulphide  of  load  when  gently  ignited  in  the  air,  gives  off  the  greater 

part  of  its  sulphur  iii  the  form  of  eulpluirous  acid,  while  metallic  lead 

(amounting  to  about  half  the  total  <^uautity)  aad  sulphate  of  leadoxido 

remaia  behind.  (l>cscotilK,  Ann.  Chim.  Fki/s.  55,441.)     Sulphide  of  lead 

I  precipitated  from  the  nitrate  by  solution  uf  .sulphide  of  .strontium,  and 

then  dried  between  40""  and  50  \  took  lire  when  nearly  dry,  and  continued 

[to  hum  for  an  hour,  till  it  was  wiiolly  cniiverled  into  sulphate.   (Anthon, 

\  Jirpert.  5f),  250.)     Sulphide  of  lead  dissulvcs  in  moderately  strong  nitric 

I  idd,  giving  off  nitric  oxtdo  and  depojiiting  sulphur;  by  fuming  nitric  acid 

I  it  is  converted,  with  violent  evolution  of  heat,  into  sulphate.    A<|ua*regia 

'  decoiopoaes  it  with  Ijxcility,  forming  sulphate  of  lead -oxide  nud  chloride 

ofleaX — When   ignited  in  a  current  of  afpieuus  vapour,  it  volatilizes, 

partly  without  decomposition;  nevertheless  it  gives  oti*  a  small  quantity 

of  hydrogen  and  sulphurou/?  acid  gas,  and  leaves  sulphide  of  lead  mixed 

I  irith  inetallic  lead  and  the  protoxide.   (Descotils.)     In  vapour  of  water  it 

[evolves  hydrosulphuric  a<:id  gas,  and  beconiea  covered  with  a  tldn  film  of 

I  metallic  lead.     The  first  products  formed  are  hydrosulphiiric  acid  and 

lead-oxide;  the  latter  then  reacts*  on  the  remaining  sulphide,  yielding  lead 

md  sulphurous  acid,  by  wliich,  again,  a  lar^^c  portion  of  the  hydrosid- 

uic    acid    i§(   decomposed.     (Kegnault,   Ann.   Ckhn.   Phy».   C2,    381.) 

tisfion  {Sckw.  5(^^  201)  ol)taiued  a  large  quantity  of  hydrosulphuno 

*pk1  giui   and  a    fused   residue* — Sulpliide   of   lead  dissoUcs   in   strong 

hydrochloric  aciil,  hydrosulphuric  acid  heinsj  evolved  and  chloride  of  lead 

.  proiiuced.     Chlorine  gas  does  not  deeonijjose  it  at  ordinary  temperature.^, 

I  lot  on  the  application  of  heat,  the  compound  is  slowly  converted  into 

[ehJoride  of  sulphur  and  chloride  of  lead,   the  latter  remain iiig  behind* 

(H.  \\iyii\  Pogg.  42,  .540.)     The  chloride  of  lead  amounts  to  l'l4*C8  per 

(Fellenberg,  Pogg,  50,  73.)     When  heated  tu  whiteness  in  a  dia.r- 

crucible,   it  yields   [witli    evolution   of  6ulp¥id<i  of   cai\j<>u\  ^\^^V 
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disulplikle  and  alterwards  one-fourtb  sulphide  of  lead*  (Fcmrnet,)  Hy- 
drogen gau,  at  a  somewhat  powerful  red  boat,  converts  sulphide  of  lead 
into  enlplitirettdl  hydro;|j^en  and  metallic  lead,  iDesootil*.)  H.  Rose,  who 
at  Dcscotilsi'  fiuggestion  applieii  less  lieiil,  obtained  no  decam position, 
2  parts  of  sulpliido  of  lead  ignited  in  a  porcelain  retort  with  t  part  of 
carbonate  of  so*!a  yield  53  per  cent,  of  lead,  together  with  an  ciaaity  fnnibU 
filag,  containing  snipbidc  of  lead^  sulphide  of  eodium^  aud  a  large  4|ai]ititf 
of  sulphate  of  lead-oxidc : 

7Pba  +  4NiiO  =  N»aS0n  +  aCNaaPbS)  +  4Pb. 

Tlie  same  raixtore  ignited  in  an  open  crucible  yields  G3  per  cent,;  and  if 
heated  in  a  shallow  vesBelj  the  heat  being  slowly  rai.^ed  and  lc»n^  coo* 
tinned,  it  yicbU  from  75  to  SO  per  cent.;  for  the  oxide  which  forma  by 
contact  with  the  air,  exerts  a  decomposing  action  an  the  sulphide  of  Iiw3 
which  still  remains  dissolretl  in  the  sniphide  of  sodium, — and  if  i  ptrts 
of  dry  carbonate  of  soda  bo  used  to  1  part  of  lead-j*ulphide,  the  separation 
of  the  lead  ia  complete.  The  action  of  the  air  may  be  replaced  by  that 
of  nitre.  If  10  i)arts  of  galena  be  fused  with  30  parts  of  carbonate  of 
soda,  and  3  parts  of  nitre  added,  the  quantity  of  lead  reduced  amount*  to 
between  7^"i  and  78  per  cent.  The  gitlena  may  likewise  be  fnsed  witi 
carlKinate  of  soda  and  nitre  at  once.  1  part  of  sulphide  of  lead  fueod 
with  4  parts  of  black  flux  yields  7.j  parts,  and  with  4  parts  of  Uuiaff 
BO  percent,  of  lead;  aud  1  pt.  lead-snlphide  ignited  in  a  cbarct^al  crudblt 
with  3  or  4  parts  of  carbonate  of  soda  yield  from  74  to  75  jxjr  cent  of 
metal.  Lime  or  baryta,  heated  to  whiteness  with  sul[dud€j  of  Icrtd  m% 
charcoal  crucible,  decf^mposes  it  partially,  so  that  the  slag  of  f 

lead  and  barium  or  sulphide  of  lead  and  calcium  containt  glol;  »<1 

mixed  with  it.  (Berthier,  Ann,  Chim.  P//y«.  S3,  15 (J,)  ProtmnJphidu 
and  protoxide  of  lead  decompose  one  another  without  fusion.  \\  jtlj  1 
atom  of  sulphide  and  2  atoma  of  litharge^  the  prodncta  aro  sulphttrolt 
acid  gas  and  metallic  lead : 

PbS  +  2PbO  =  3Pb  +  S0*. 

Any  exce^  of  litharge  remains  undccomposed  on  the  top  of  thi^  \md;  if 
an  excess  of  sulphide  be  present,  a  lower  sulphide  is  formed.  Bat  if  the 
litharge  already  contains  another  metallic  sulphide  in  solution,  e.  tf.  iiif- 
phifle  of  zinc  or  sulphide  of  iron^  it  then  dtssolres  the  lead-WlpbiJt 
witliout  decomposing  it.  (Berthier,  Ann,  Chim,  Ph/9.  Zd,  252)  Af- 
cording  to  DBbcreiner  {SchuK  17,  24H),  sulphide  of  lead  mayh*  '  '  !i 
the  protoxide  without  dccompogitiou^  rrotosalphide  of  lead  i 
protoxide  of  copj»cr,  yields  suljihuroos  acid,  metallic  coj»' 
consisting  of  dioxide  of  copper  and  protoxide  of  fcad, 
66,  400.) — Iron  ^-eparates  lend  from  the  sniphide  aJmo*5t  eu;  i 

when    the    sulphide    is    dissolved    in   sulphide  of  sodium.      I  f 

sniphide  of  lead,  20  of  dry  carbonate  of  tjoda,  and  2  or  3  of  ^' 

from  77  to  80  per  cent,  of  load.  (Berthier,)  Recently  p'  ,  • 
anlphide  of  lend  acMed  to  the  atjueous  i^olution  of  a  copper  or  AiWcr  mki 
throws  down  sulphide  of  copper  or  sulphide  of  silrer,  ( Authon.)  SQl|tyik 
of  lead  is  not  decomposed  by  af|ueon5  sulphurons  acid,  nor,  si  ft  red  faoMtr 
by  carbonic  oxide  or  carboDic  acid  gas. 

D,  pENTARiTLpnmE  OF  Lead. — Lead-salts  give  with  ■qncoos  pcnlr 
sulphide  of  |K)ta»sium  a  brown- red  precipitate,  which,  in  a  few  seoodiili^ «» 
twcd  Into  a  mixtore  of  proU>«ti\v\i\^Q  o<  K^asA  and  free  iaJfter. 
im) 
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E,  HTPoeiTLprrrrE  op  Lead-oxtdb. — Formed  by  precipitating  uitmte 
of  lead -oxide  with  hyposulphite  of  lime. — White  powder,  which  blackens 
eveu  below  100  ,  \Vhen  raiaed  to  a  higher  temperature,  out  of  contact 
of  air,  it  gives  otT  sulpharoos  acid  gas,  and  is  converted  into  sulphide  of 
Jeud  mixed  with  sulphate:  when  lieated  in  contact  with  air,  it  burns  with 
a  feeble  flame.  It  dissolves  in  32G6  p.irt^of  water.  (HerscheL)  Remains 
frhite  at  lOfP,  but  arr|iiireJ*  a  dark  colotir  at  200  \  When  heated  in  a 
retort,  it  yields  anlphnrp  .sulphurous  acid,  and  IBriiJ  per  rent,  of  a  grey 
ptjlverulenf  mixture  of  sulphide  of  lead  and  sulphate  of  lead-oxide.  It 
dissolves  in  arjocous  alkaline  bjpoanlphit08,  fornitng  doable  salts.  (Ram- 
nrekberg,  Po<;(^.  56,  BOB.) 

Herschfh  Rnmmrlsberg. 
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F.  TfiT»ATtrin?!ATF.  OF  Li?AD-oxTT)E. — lodinc  added  to  aqneons  hjpo- 
•ttlpbit^  of  J©a<i-oxide  throws  down  iodide  of  lea*!,  while  tetrathionate  of 
Im^oxlde  and  a  intce  tff  iodid©  of  lea<l  remain  in  solution.  (Fordos  h 

I  O.  TRrrHfojfATE  op  Lead-oxide. — AqiieoiM  trithionle  acid  forms 
with  lea^I-saltii  a  white  precipitate  which  turns  black  when  heated- 
(Langlois.) 

I  H.  Sulphite  OF  Lead-oxtde,  or  LfiAD-suLPHiTE. — Formed  by  double 
clecoraposition.  White,  tasteless  powder.  Givca  off  sulpliurous  acid  gaj 
when  heated,  and  leaves  a  mixture  of  sulphide  and  sulphate.  Strong 
tkitric  acid  converts  it  into  sulpliatc.  Sulphuric  or  hydrochloric  acid 
Is  eulphuroufl  acid  from  it.     Insoluble  in  water* 
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I.  HYPORrLPHATE  OF  Lead-oxide. — CE.  Tmham  Snlt — Formed  by 
decomposing  6  or  c  with  excess  of  ammonia.  Soft,  white  powder,  having 
an  alkaline  reaction,  containing  about  HI  part*?  { 10  At.)  of  lead-oxide, 
5  pta.  (1  Al)  of  acid,  and  14  pis.  (20  At.)  of  waterj  decomposed  by 
carbonic  acid;  very  sparingly  soluble  in  water* 

b*  Bibfuic  f — By  decomposing  the  solution  of  <!  with  an  insufficient 
quantity  of  ammonia.  Very  eoft»  white  needles,  having  an  alkaline 
reaction.  When  digested  with  nitric  acid,  this  compound  is  converted 
into  83*09  percent,  of  Bulphate;  and,  if  .sulpiiuric  acid  he  then  added  to 
llie  KkjoH)^  11  p^r  cent,  more  of  Mulphato  h  precipitated.  It  give^  up  its 
#zoeBS  of  lead'OXide  to  the  carlHjnic  acid  of  the  air.     Difficultly  eoluhle  m 

c.  Monobasic. — Carbonate  of  lead-oxide  is  dissolTed  at  a  gentle  heat 
IB  ItfMous  hypos ulphnric  acid,  and  the  ^'^ohition  left  to  ^spontaneous 
ifapofBtion.  Largo  crystals,  permanent  in  the  airj  they  belong  to  the 
liexagnoal  stystem^  and  are  nearly  identical  in  form  with  those  of  the 
IrfpcM^iilp hates  of  .strontiaand  lime-  Primary  form,  Fir/.  1 5 1 ;  r' :  r^=il  H>°. 
i^ery  sweet  and  somewhat  rough.  The  salt  wheu  \gt\\lt^\  Y\^\^'a 
cent,  of  lead-eulphate*     Very  easily  soluble  inwaiet.  (^ecix^Tv,'^ 


lo<5  IX&D. 


Pro - 

«o^ ^.. 

*H0  ..- 

1:2       .. 

-      3^73        _ 

^      1636        - 

HeensL 
.^        51-04 
^        33-01 
-«        15-95 

I^:  >^>  -  iA:... iSf       ...     10^00        lOOHIO 

1.  AcThVT;*  iLiL.^\T  L  ijfs:*!  wr±  saHt.  K  TCmorei  only  %  part  of  tbe 
fx'jCLtr.':  iKi^i  Vil:  ir.ir-  >r>.:^-  J.  4.  36.) — 2-  Mononuimte  of  leid- 
cjLJif  :*  rfaS;^  TLi::i  n-rr?  :GiC':(ie  Vj  lie  mddition  of  more  oxide. .  One 
&;.>n  :c  >j.£  :!.:!£:  f.riL?  ▼::!  :  lz:>il  ci  ibe  siilpiiite,  »  ooIonilesBi  etaly 
fcscrCf  r:^x:z^.  ▼:.•:-.  .c  r.»;'..TX-  crr5.iiliijw  in  tmupucnt  and  colour 
k^  T.ru<cr>  V  .li  i  &: .  t:.^  . :  il'f  SLTiL&xe.  ii  fuses  ai  oommencing  white- 
ixti^  &:•£  T'fLif  &  £:r.i.f  fcnu&f'. .  -vrlu.  4  or  S  atoms  of  the  enlphate^a 
vrii^.  xr&^^ls.-^M:.  j>:i=:>f  ▼*::&:  rrrsai"  tw  rlas  »  fonned.  (Berthier,  ^aa. 

}.  ^r^vxtzfi^:. — r.-^ri  xj^t-^.  3£  iLe  fcoia  of  Lead-vUrioi.  Sona 
Sf«ivi7Df3;>  ::  Hi  m:.^;  sLl7>b&».  Zizio^i  svra  calena,  are  Btill  deaTihle 
iz  :i^  £.r^r:  '.c  ::  :^»f  ri'rorL  ifcws^ — Tiii  sili  is  formed:  1.  When  oil  of 
T:tr^:^  :<  ^fjii^oi  v  :':.  >j^i-— 1  Sj.vlr.  vbes  lead  is  {daoed  in  contact 
wiii  »cr^:=<  f:i".T*:  ^r  :  ik-I  iri  will  ihe  air. — 3.  By  eontact  of  Bal- 
pizr.T  *::i  ».::  *.:i.>-.x:i?  ,r  :i5  sfcl'i*. — I.  Bt  contact  of  solphorie 
ac-^i  v:;i  rsvl  :r  rr.vi:  Titfr:x:£f  :i  \*%.L  Loi-oxide  does  not  abmh 
lif  T-iTvcT  .:  iri-K-^r-ii  >L>.i^r  a^-i-i  &:  oriinarr  tempeimtnres.  (IL 
H.^.  ':,■'/  .-:  -4  — :\*.1::i'azi^^i%.  PIj-«,  SS\366)  oWnred  thit 
wbfi.  ;>f  jkTjI  ^■i:^,.;Lr>  \l  &  y  .i:i-  I-v:ri  '•tj*  nude  to  pass  from  the  fint 
3r40^r  c:.A=:r«e-  i-:.  5=1  ^  iTil  .iiir*.  :^  ;-ra*r  w  ccAdnse  tlie  vhole  of  the 
siji-^'  *'--•  *-•■•  -■•-'*■-■-  J-a:;*  "•ir*  rariilr  coTT^cJed  by  the  exeeaiof 
l:TT»::.::r::  *^"  .:  yrir^:'. :.  ^1 .1  -i.>.l4;e  ;:  ltrsi-:xiie  vas'fonned  in  the 
*i4w  .:  5-.  iv  •.;•?.;.:>  i-.l  '.ir..  rs .  ::  *To:.f':  rri^tj  6-07- 

I1-.  r:.-.v:  >»":*:^::  '.n..Tj>  :.  :1'-^  r^l;  Trl^T^.aIjc  system;  Fig.\% 
4*.  i-i  .-.'.  :T  f.-n.  5.  -.!-.•£.. -f-i  r.  r;  o>ti-»:-»/t  1-v  ibe  eniiy  of  the  htxA 
s..  '/'-  ir.;  •  \r.;''A>i^:-  '..*:■:&  ".-1  :;  ..  v,  ini  •:.■:  %  :  r=76=  12";  y  :  Jf — 
:\  V  ^^" .  ,     ..—    *.:  .-'---J  '  =1'.'4  .  :i<^  asrio*  exactly  eqwl 

;.  :y.>i  .fiT -/.-:.:;  M  :>:'::':L  :"-  Sio.-.rf  i:TaT::T^6  16?l  (Karrten); 
ti.>  y..:?  :li.rlr:>*  ;\..i.  :.  ::.t:  :i  v":klr<i*r.  1'ransj^amit,  coloD^ 
ksjs.  "» : :  1  Lz.  L .\ ii. .a:  :  -  :•  '.  ~>: r-. .  —  I i •  at: :i v-ifcl  vjineiv  forms  a  vhite^ 
i.M?s:'.T  r.lir:::   :v.:«sjw   .:  i  x*:  :i-  :..»iir. — Fiist:*  ai  a  red  heat  and 

K:jcr::i.      Iv-rriBf.         Bcnlxr.         Bachoh. 

pso       ..    :::         •:  rf^         -.•  >    .     r:  :'.5      .    rj-o?     ...     74 

N..:  d^c  r..:.  >■•'.  ;.:  ::■:  ';  ^:.:>:  li-tvrsvjr^"  wt^n  heated  alone. 
Wl^*::  :jT.::--i  «  •.:.  ?  ...  .:  :V  v.  ::  ^.»fs  f  il*.  i:<  %c:.i  in  the  fonn  of 
s-'.i*:  ur.  ->  'c.i  a:  .    \  .  j.  ■.    -.?      jl-.i:.-.:  :.  r:-«iT.t>*  w'll,  ^<  per  cent,  of 

lei:     r  «.  ;     :   :".  - :   v  i!  U  :  u>;  T::>.£...i  :x.:o;  with  6  percent 

^  f  . '.  ur.  ..■..::':  ?.  ■  •  :  ■  ;.  -  r.-.:  :  .  ':  y  '.y  f-^  r*  r  ofct.  of  metallic 
I-  ...    r  :.  .  -   r,  -  .:.-•..  .    r  :  :.     :  :*L>r-:  .  lixJe  floats:  wicb 

:*  1:7  <■'.:  -    ;  .    r    >  :.:  .  >  -:^   '%  .■:.  ar..:  71  per  cent 

o:   ;.-...i    ..  ::  :  j^-  :  :..r      -7    :- . '    :      4    5-'.rr.-r     prv»icced.    ^Be^ 

iiiiv.-.  -•:  /  ... /.  i'.  ::"'.V       Wht-  lea-i-f^lj-Las*  i#  heated  to  low 

r.  :L^:r  ^.:..  «.\oi>'  v!  iLa^>Vj,  caxK-Lic  acid  i*  e»i>lTiU  vithoat  inj 
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sulpliiiroas  acid,  and  ealpliido  of  lead  remains  beliind;  witli  equal  nuni- 
Kers  of  fttoma  (152  lead,  6  charcoal)  also,  prorided  the  temperature  be 
kept  low,  uotliing  but  carbonic  acid  i«  evolved,  and  only  lialf  of  the  ealt 
is  reduced  to  the  state  of  sulphide: 

2(FbO,  SO')  +  2C  ^  PbO,  S0=  +  PbS  +  2C0^ 

If  the  beat  be  Ibeti  raised,  tbe  aulpbide  and  sulphate  decompose  each 
_ojyber>  forming  eulphuroua  acid  and  metallic  lend: 

PbO,  S0»  +  PbS  ^  2Pb  +  2S0» 

Wttb  2  atoms  of  lead-sulphate  to  1  atom  of  charcoal  (304  lead,  6  char- 
coal), ^  at  sulphide  of  lea<l  is  produced  at  a  moderate  red  heat: 

4(PbO,S03)  +  2C  ^  3(PbO,S03)  +  PbS  +  2CO', 

»t  a  stranger  red  beat,  this  balf-atom  of  sulphide,  together  with  1|  at. 
sulphate,  yields  sulphurous  acid  gas  and  protoxide  of  lead; 

3(PbO,S03)  +  PbS=  4PbO  +  4SOS, 

(Gay-Lassac,  Arm,  CMm,  Phyn,  03,  454;  also  J",  pr,  0ieyn,  U,  68.) — 
Sulphate  of  lead-oxide  ignited  in  a  current  of  hydrogen  gas  yields  water, 
snlphuroutf  acid,  and  finally  liydrosulphuric  acid,  whilst  a  mixture  of 
metallic  lead  and  sulphide  of  lead  is  left  behind.  (Arfvedson,/*o//;7, 1,73.) 
— When  fused  with  an  equal  number  of  atoms  of  common  salt,  it  gives 
off  deu^e  fumes  of  chloride  of  lead,  and  yields  a  conipact  grey  mass  with 
a  scaly  fracture.  With  \  At,*-.l  At.  chloride  of  barium,  it  fuses  imper- 
fectly, giving  oflT  chloride  of  lcad»  and  forming  a  white  enamel  with  a 
granular  fracture.  (Berthier.)  —  By  arjueoue  carbonate  of  ammonia  or 
carbonate  of  potai?h,  it  is  converted  into  carbonate  of  lead-oxide, — It 
dissolves  completely  in  waroi  ammonia,  and  separates  from  the  solution 
[as  a  basic  salt?]  on  cooling.  (Wittstein,)  It  is  alightlv  decomposed  by 
a  cold  solution  of  sal- ammoniac,  to  a  greater  extent  on  boiling,  and  com- 
pletely, when  repeatedly  boiled  with  fresh  fjuantities  of  eal-:inimoniac, 
the  products  being  chloride  of  lead  which  crystallizes  on  cooling,  and 
milphate  of  ammonia.  (A,  Vogel,  /.  pi\  Chem.  2,  196.)  It  dissolves 
completely  in  a  bailing  isolation  of  hydrochlorate  or  succinate  of  ammonia, 
but  docs  not  separate  out  on  cooling,  (Wittetein,  liepert  63,  329.)  The 
solution  in  cold  sabanimoniac  is  precipitated  by  a  very  large  excess  of 
ammonia^  (Brett,) — By  solution  of  conunon  salt,  it  is  but  very  slightly 
decomposed.  (Bley,  N,  Tr,2^,2,^d2.)  —  \i  dlj^olvcs  in  961)"  parta  of 
aqueous  nitrate  of  ammonia  of  specific  gravity  r20.  The  solution  is 
rendered  turbid  by  sulphate  of  potash »  not  by  sulphuric  aci<l,  becauife  the 
latter  sets  nitric  acid  free,  which  then  exerts  a  still  stronger  solvent 
action. — It  dissolves  in  47  parts  of  aqueous  acetate  of  ammonia,  of  specific 
gravity  1*36,  forming  a  solution  whieb  is  precipitated  by  Fulphuric  acid 
and  sulphate  of  potash.  (Bisckof,  Schw.  51,  228.) — When  dige.*^ted  with 
aqueous  nitrate  of  barj^ta  containing  excess  of  acid,  it  yields  nitrate  of 
lead  oxide.  (Thenard.)^It  dissolves  slightly  in  heated  hydrochloric  acid, 
the  solution  depositing  a  small  quantity  of  chloride  of  lead  on  cooling, 
while  free  sulphuric  acid  remains  in  tlie  liquid.  (Descotils,  A",  GehL  2, 
I75.)_0n  evaporating  the  hydrochloric  acid  solution  (but  not  on  boiling), 
the  chloride  of  lead  is  decomposed,  (Hayes.) — Sulphate  of  lead  oxido 
dissolves  in  nitric  acid,  the  more  readily  in  proportion  as  tbQ  -md  W 
and  more  concentrated.     At  12mj'',   itdlasolYea  m  \1^  \yMt\ft  ^V 
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n'rtric  acid  of  specific  j^avity  1'144,     Water  doer  noi  render  ili«  i 

tnrbiJ,  but  ffiilphurie  acid  precipitatcwi  it  completely;  it  is  likewiit 
prccfpitated  by  cnriwnate  of  ammonia.  (Bischof.)  Dilate  nitric  acid 
also  dissolvoa  it,  tboiigli  slowly;  tbo  eolation  U  not  precifwtated  W 
pliosplioric  or  hydrocldoric  acid,  and  not  at  all,  or  but  very  slightly^  l>y 
alkiiline  sulpbate^;  it  h  precipitated,  bowcvcr,  by  tartaric  acid,  and  moft 
especially  by  dilute  sulphuric  acid:  the  Urger  the  excels  of  nitric  Jkcf4 
present^  the  greater  is  tlv©  quantity  of  sulphuric  acid  rerjuircd  to  priMlaee 
a  precipitate*  The  precipitation  h  gra^lual,  and  if  the  quantity  of  nitric 
acid  be  not  too  great,  almost  complete.  ( Wackenrodcr,  Ann.  Pharm,  41, 
319.)  The  jsoluiion  of  lead -sulphate  in  nitric  acid  yields,  on  evaporation, 
delicate  needles  of  sulphate,  and  likewise  octobedrons  of  the  nitrate. 
(Kubellj  Kastn.  Arch.  5,  ^S.) — Oil  of  vitriol  dissohej?  feulphate  of  leaJ- 
oxide  more  abundantly  than  dilate  pulphuric  acid;  bnt,  acconling  to 
Hayes,  the  ordinary  oil  of  vitriol  of  commerce  dissolves  a  gn^atcr  uuanlitj 
than  a  more  concentratcfl  acid.  Water  ^separates  the  salt  from  the  witr- 
tion,  the  more  completely  as  the  dilution  if*  carried  to  a  ii^-eater  extent, 
so  that  ultimately  only  a  trace  romains  in  solution,  —  1"  Dupasauier 
(J,  pi\  Chem,  31,417)  found  that  sulphuretted  hydrogen  producinl  m 
precipitate  in  strong  sulphuric  acid  which  ha<l  been  boiled  with  rercstty 
precipitated  lead-snlphate :  but  when  the  acid  was  diluted  with  watsT, 
tbo  sulphate  wa.-j  precipitated,  and  then  e^tbibited  the  usual  re.v^tion  with 
sulphuretted  hydrogen;  the  effect  produced  by  water  is  of  course  equaib 
prorluced  by  any  stronger  baj^e.  II  According  to  H^ye^  {SiU,  Amer.  2. 
17,  ir>5),  the  cold  solution  of  lead-nulpbate  in  strong  mdphnrio  ocU^  Si 
also  rendered  turbid  and  precipitnted  by  Imlrocbloric  acid,  becaoM  ill* 
chloride  of  lead  whicti  it  forms  in  insoluble  in  cold  oil  of  vitriol ;  bflilbt 
precijdtate  di.^appears  on  heating- — In  pnre  water,  sulphate  of  le 
19  \tm  soluble  than  sulphate  of  strontia^  bnt  more  soluble  titan 
of  baryta-  If  According  to  Fresenins  {Ann.  l'hn)-ni.  ^JJ,  123),  1  purl* 
lead  milpbate  dissolves  in  22810  parts  of  pnre  water  at  11^  C,  and  « 
d6504  parts  of  dilate  sulphuric  acid.  IT 

L.   Sl?LPnATI5    AND   CaRBONATE   OP    Lead-oxid^ — <f.   LfrtdAUliU.^ 

(3PbO,CO-),  +  PbO,SO^— Yellowi.>h  or  greenish  white  rhombic  iiri«ws» 
the  angles  of  the  lateral  edges  being  equal  to  107"  SC  and  72  w.  Sfi 
|^.=G'a  .  6-5.  (Brooke.) -6,  X^in/iri^/M— FbO,CO*  +  PbO. SO \—GwtiiiA 
or  yeno*rish  white  acut^  rhonibohedron«  nud  Hix-^ided  pri^m^  of 
gravity  6'8 — 7"0;  effervesces  slightly  with  nitric  acid,  (Bn^oke,) 
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M,  Sf^LpnocAiifiojfATR  OF  Lf? AD.— According  to  BeriEeltiis, 
giTc  a  dark  brown  precipitate  with  «ulplu»carboDate  of  calditatT  iOilt 
•acording  to  Zci«et  a  rctl  precipitate  with  sulphocarbonate  of  »iiifii«miia» 
The  deep  yellow,  aupcrnatant  liquid  l>econies  co|ourle*ts  in  the  eonrm^ 
24  hoofs.  ( BenelinsJ    The  pre<3ipitate  is  Mack  after  diyiiig;  like*  i 
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jpoVish  by  prossnTC,  and  when  digtilled,  gives  off  bisulpbidc  of  carbon,  an<i 
us  conrerted  into  snlphide  of  )e»d.  (Berzelias.)  Tho  preci  pi  trite  i» 
decomposed  in  %  few  lumrn  under  water  at  ordinary  temperaturps,  and 
more  slowly  nnder  alcobol,  yielding  sulphide  of  lea/i  and  Hisulphidc  of 
carbon,  whereby  itn  red  colour  is  clianj^ed  to  bb^rk.  If  it  be  qnickly 
dried  in  vacno  over  oil  of  vitriol,  and  then  heated,  Jfiulpbi<le  of  carbon 
snblimes  in  drops,  and  sulphide  of  lead  remains  behind.  Cold  hydro- 
Bulphnte  of  ammotiia  and  heated  pota*h-ley  instantly  blacken  the  red 
precipitate  by  withdrawing  the  sulphide  <>f  carbon.  Iodine,  nitric  acid, 
and  oil  of  vitriol  produce  no  change  in  the  compound  at  ordinary  tempe- 
ratures. 


Lead  and  Selenium, 


I 


A.  Selentbe  op  Lead.^ — Found  as  a  maas  closely  rewrobling  gnlena, 
Sp.  gr.  6*8.  (Comp.  Ziiikon,  fl.  Rose,  /%//,  3,  274,  and  286.) —Lead  nni 
selenium  combine,  with  evolution  *d  li^^dit  and  heat,  and  form  a  grey, 
porous,  soft  mas.%  which  hccomcs  silvcr-wbite  by  burDi>?hing.  The  com- 
pound when  ignited  in  i*pen  vei^sclst  cvolv^es  witliout  fu^^ion  (the  native 
seleoide  with  decrepitation),  first  a  amatl  quantity  of  aeleniuni,  and  after- 
Wftfdi  of  aelenide  of  lead  in  white  fumes.  When  roasted  on  churcoal 
before  the  blowpipe,  it  imparts  a  blue  colour  to  the  flame,  gives  oiF 
Mfenittni,  produces  a  red,  yellow,  ancl  white  deposit  on  the  charcoab  and 
il  gradnally  converted  into  basic  Felenite  of  leadoxfde,  which  imme* 
diately  eink^  into  the  charcoal,  leaving  a  silvery  film  of  reduced  selenide 
of  lead. — Cold  nitric  acid  di.s3nlve8  tho  lead,  depositing  red  selenium, 
irhtcli^  on  the  application  of  heat,  dissolves  in  the  form  of  eekniout  acid* 
(Berxeliua.)  The  powder  yield.*}  with  <»il  of  vitriob  first  a  brownish,  then 
a  greenish,  and  then  a  red-brown  mixture.     If  water  be  adilcd  while  UiA 

I  mixture  U  greenish,  the  colour  changes  to  a  beautiful  red.  (Zinkeii| 
iV'  Tn  12,  2,  278.)-— A  small  quantity  of  selenium  mixed  with  lead^ 
jendera  it  whiter,  less  doeiile,  and  less  fmsiUe.  (Berielius.) 

B.  Selenitt!  op  Lead-oxide,  or  Lead-selenite^^ — a.  i?c/«/c.— By 
r«trongly  igniting  5»  or  by  treating  it  with  carbonate  of  ammonia. — Trans- 
llncent^  friable,  fusible  jsubstanco,  having  a  crystalline  fracture* 

b.  Monobasic. — Found   native,    sometimes   alone,    sometimes    mixed 

I wi  th  Ti le •  ore  (  Knpferpechfri ) .  —  Selen  i  o  n  s  a c-  i  d  au  d  al  k  al  i  ne  sel  en  i  I  e  ^  pre- 

[cipitato  lead-oxide  from  its  solution  in  hydrociiloric  or  nitric  acid;  in  tho 

[latter  case,  however,  the  precipitate  retnins  a  small  portion  of  nitric  acid, 

I  The  pure  salt  18  obtained  by  precipitating  aqueous  chloride  of  lead  with 

[excess  of  sclenite  of  aranionia. — ^Whfte,  heavy  powder,  which  fuses  almost 

Sadily  as  bom-lead,  forming  a  yellowish  tmnslocent  liquid,  which,  on 

*  ng,  yields  a  white,  opaque  Bufetancc,  having  a  crystalliue  fracture. 

[At  a  strong  red  heat,  it  gives  oil*  selen  tons  acid  with  ebnllitionj  and  leaves 

I  the  salt  ^.    Decomposed  with  difliculty  bj  boiling  sulphuric  acid.     Scarcely 

soluble  in  water,  even  when  free  sclcnious  acid  in;  present.  (/SevxeXwi^.^ — 

[  The  natiyc  solonite  h^aglobulwc  structnrOj  fibrous  fraclm^jj  ^t\4  «.\3\^\«- 
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yellow  colour.  It  decrepitatea  wlien  heated,  without  giving  off 
and  at  a  red  heat  fuses  itito  black  drops,  eTolving  a  small  quantity  < 
Beleuiuin,  and  afterwards  seletiioiis  add,  when  the  beat  ie  stiil  furtH' 
increased.  On  charcoal,  before  the  blowjiipc,  it  fuses  to  a  black  sia 
evolving  a  strong  odour  of  Boleniuni,  covering  the  charcoal  with  lfia< 
oxide,  and  yielding  reduced  lead  in  ductile  grains,  the  reduction  being 
attended  with  ebullition.  It  dissolves  in  warm  nitric  acid  without  effcr* 
reecenoe.  (Karstcn,  Fogg,  46,  277*) 

Berzeliai. 
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C.  SELEjfiATE  OP  Lead-oxide,  or  Lead-selentatk. — By  precipitAtiDg 

seleniate  of  eoda  with  nitrate  of  1  cad-oxide  (IL,  240).    White  powder, 
insoluble  in  water,  (Mitdchcrlich. ) 


Lead  and  Iodine. 

A.  Iodide  op  Lead. — 1 .  Formed  by  precipitating  a  lead-salt  with 

se|ueon8  hydriodic  acid,  iodide  of  potassium,  or  iodide  of  iron  (Gay-Lu»ac) 
or  nitrate  of  lead-oxide  by  iodide  of  potassium  (Boullay,  Ann,  Chim,  PKf*^ 
34,  4G),  or  acetate  of  load-oxide  by  iodide  of  potassium.  The  lead- 
acetate  must  not  bo  in  excess,  otberwi»e  oxy-iodide  of  lead  will  be  prccipi^ 
tated  together  with  the  pure  iodide.  (Inglis,  Brandes,  Ann,  Pkarm^  ir 
266.)  When  acetate  of  lead-oxide  is  added  in  successive  portions  to  iodig 
of  pcjtassium,  the  iodide  of  lead  is  first  precipitated  as  a  yellow  powde 
and  afterwards  in  yellow  laminaj  resembling  those  of  mosaic  gold,  and  tl 
liquid,  which  retains  a  snmll  cjuantity  of  iodide  of  potassium,  turns  acid 
acetate  of  lead-oxide  added  in  excess  to  this  liquid  forms  pale  yclloir;^ 
shining  scales,  containing  oxy-iodide  of  lead.  If  a  solution  of  1  part  of 
iodide  of  potiisijiuni  in  10  parts  of  water,  be  mixed  with  a  very  ?Minll 
quantity  of  acetic  acid,  the  addition  of  lead-acetate  produces  cryslvMllir*^ 
iodide  of  lead  at  once;  but  if  too  much  acetic  acid  is  present,  the  iodide 
remains  dissolved,  and  does  not  separate  till  the  acid  is  neutralised  by 
potash  or  annuonia.  The  crystals  arc  finer  as  the  solutions  are  more 
dilute.  (0.  Henry,  J.  rkai-vi.  17,  207.) — To  obtain  iodide  of  lead  in  fine 
crystals,  dissolve  1  part  of  iodide  of  potassium  in  10  parts  of  water,  tbfU 
add  a  sufficient  quantity  of  todino  to  give  the  liquid  a  sliglit  yellowish* 
brown  colour,  nnd  precipitate  by  gradually  adding  a  dilute  solution  of 
lead-acetate.  (Hoppf,  Kasin.  A  rch*  22,  71.)  The  product  may  be  purified 
by  crystaUization  from  a  solution  in  boiling  water,  (Houllay,  Braodot.) 
— When  iodide  of  potassium  is  precipitated  by  acetate  of  lcadoifd« 
mixed  with  acetic  acid,  a  green ish  or  dark  blue  iodide  of  lead  is  Uirown 
down,  containing  excess  of  iodine  which  cannot  be  extracted  bv  wat<*ri 
but  may  be  dissoKed  out  by  alchohol  or  by  aqueous  solution  oi  potash, 
Whou  iodide  of  iron  is  precipitated  by  acetate  of  lead-oxide^  the  preci- 
pitnte  cnntains  a  small  quantity  of  iron,  which  may  be  almost  wbuUy 
extracted  by  water  aciilu luted  with  acetic  acid. — 2.  Iodide  of  lead  may 
bo  obtained  in  octolicdroiis  by  clcclrtdytic  action.  (Becquerol,  tiJ.  I., 
40L) 

Orange-yellow  powder,  or  golden -yellow^  flexible  8ix-«idrd  laiuios 
(Boullay,  Denot) ;  short  six-.^idcd  |>rif^ui8  ilnglia).  Snocific  gravity 
60282  '(Karsttn),  6  110  (?,  Boullay).     Acquiror  a  rtHldisL -yellow  colaoi 
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^hen  heated,  afterwards  becoming  brick-red  and  red-brownisli-black. 
(O,  Henry,  Brandes.)  Fii«e3  when  somewhat  strongly  lieated  (Gaj- 
Lussac),    forming   a   translucent,    red-brown   liquid,    whicli,    on  coolinff, 

plidiBes  in  a  yellow  m&as,  (Brandes.)  Volatilizes  at  a  strong  red  head, 
[H.  Davy,) 

Brandea.  Denote  0*  Henry. 


Fb< 


104 
126 


45-22 

54*78 


iaminart 
44'98 
5502 


Denot. 

44*10 
54-85 


laminar, 

50-27 
6115 


puherulenK 
...     52-00 
..     47  38 


Pbl    ...     230    ....  10000       ....     10000     ....     98*95     ....  101'42     ,,..     9§^38 
O.  Henry  calculates  his  analyses  differently;  but  his  calcutationi  are  iocorrect. 

Iodide  of  lead  gives  off  iodine  when  heated  fin  contact  with  the  air], 
and  the  lemon-yellow  mass^  after  cooling,  dissolves  for  the  most  part  in 
boiling  water,  leaving  a  residue  of  oxy-iodide  of  lead.  (Brande.H.)  When 
he-ated  in  chlorine  gas,  it  is  converted  into  chloride  of  lead,  (Brandos,) — It  is 
decomposed  by  boiling  with  water  and  iron,  or  still  more  readily  with 
jEinCj  yielding  metallic  Icnd^  and  iodide  of  iron  or  zinc,  which  dis^olveir. 
(Bertheraot,  J,  Pkami,  13,  412.)  When  boiled  with  water  and  carbonate 
of  soda^  baryta,  strontia,  lime,  or  magnesia  (tiio.st  elowly  with  the  last),  it 
yields  carbonate  of  lead-oxide,  and  a  solution  of  iodide  of  sodium,  barium, 
&c.  (Berthcmot,)  Dissolves  in  aqueous  Bal-anmioniac  even  when  cold 
(Brett),  more  abundantly  in  a  hot  solutionj — and  as  the  liquid  cools, 
yelh>wish-white  needles,  probably  of  a  double  iodide,  separate  out. 
(Boullay.)  In  aqueous  ammonia,  or  nitrate  or  succinate  of  ammonia,  it 
eluwly  turns  white  without  dissolving;  in  ciirbonate  or  sulphate  of 
ammonia  the  change  takes  place  more  quickly.  (Wittstein,  Repej^i.  63^ 
331.) — By  repeated  boiling  with  ether,  which  extracts  the  iodine  and 
thereby  acquires  an  orange-yellow  colour,  it  is  converted  into  pale  yellow 
oxy-iodide  of  lead*  (A.  Vogel,  J.  pf\  Ch^,  22,  148.) — Dissolves  in  1235 
parts  of  cold,  and  in  D)4  parts  of  boiling  water  (Denot);  in  187  parts  of 
boiling  water.  (BerthcmotJ     The  solution  is  c^jlourless  (Denot)^  and  if 

■  saturated  while  hot,  deposits  crystals  of  pure  iodide  of  lead  on  cooling. 
(Boullay.)  When  this  compound  is  dissoh^ed  in  boiling  water,  a  faint 
Oil  our  of  iodine  becomes  apparent.  (Caventou,  /.  Fimrm,  17,  26  G.)  The 
crystals  of  pure  iodide  of  lead  are  completely  soluble  in  water  (Brandes); 

» any  oxy-iodide  of  lead  that  may  be  mixed  with  them  remains  undissrdved. 
(Caventou.)  The  addition  of  acetic  acid  to  the  water  does  not  increase 
the  solubility  of  the  pure  iodide.  (Dcnot,  J.  Pharm.  20,  1;  also  X  pr. 
Cheni,  1,  42ii.) — Iodide  of  lead  dissolves  in  a  concentrated  solution  of 
iodide  of  potassium,   sodium,    barium,  strontium,  calcium,  or  magnesium, 

I  and   is   again   completely  precipitated  on    the  addition  of  water.   (Ber- 


B.  OxY-iuDiDE  OP  Lead, — a.  PbljPbO,^ — 1.  By  precipitating  iodide 
of  potassium  with  a  very  large  excess  of  lead-acetiite.  The  precipitate 
is  left  for  a  while  in  contact  with  the  liquid,  and  then  boiled  wit!*  water 
to  extract  the  free  iodide  of  lead.  The  orangc-yeilow  colour  of  the 
precipitate  changes  to  a  paler  yellow,  und  the  liquid  is  found  to  contain 
free  acetic  acid.  Also  when  100  parts  of  iodide  of  lead  are  left  for 
several  days  in  contact  with  solution  of  lead-acetate,  and  agitated  every 
now  and  then,  a  qxmntity  of  oxy-iodide  is  obtitned  amounting  to  147  or 
148  parts.  (Brandes,  .4/? «.  jP/wrw.  ]0;2G9.) — Deiiol  (^J.  Pliarm*  ^'    '^ 
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drops  itnlide  of  potassmm  into  a  soliitioa  of  lead-aoeiaie  whicU  baa  ^ 
exposed  to  the  air,  and  boils  tlie  precipitate  with  water. — Gregofj^ 
(J,  Pharm,  18,  2i),  hy  mixing  dilute  solutions  of  iodide  of  pota^iam  ana 
sugar  of  leiid,  obtaiaed,  ou  c4)o}ing,  stnall^  dingy  greeniab-yidlow  cteedlci, 
mixed  with  a  ft^w  orungo-yellow  crystals  of  iodide  of  lead,  which  could  bo 
completely  removed  by  boiling  water.  The  analysis  of  tbeflo  nc^edles  U 
givea  below;  Gregory  regards  thera  as  diiiiodide  of  lead,  Pb*I,  In 
Aubsequcut  triale,  however,  he  did  not  succeed  in  obtaining  these  needles 
[probably  because  ho  did  not  use  the  lead  solution  in  exceBej. — 2.  By 

frccipitating  iodide  of  potassium  with  ordinary  subacetate  of  fead-oyide 
which  UBULilly  contains  about  2  At.  lead-oxido  to  1  At,  acetic  acidj. 
(Brandes.) — Pale  lemon-yellow  precipitate,  or,  according  to  Circgory, 
greenish -yellow  needles. — Fuses  betweoD  200^  and  300°,  giving  off  whit« 
fumea  mixed  with  vapour  of  iodine,  and  leaves  an  amber-coloured,  Imu^ 
imrenti  very  elanitic  glass,  containing  iodine  and  silica,  besides  oxide  of 
lead.  (Deuot.)— When  heated  in  chlorine giuji,  it  is  converted  into  chtoriih! 
&f  kad.  (Brandes.) — When  treated  witli  acetic  acid,  it  gives  uu  Iea4-axi4l«!, 
the  iodide  renniining  undissolved.  (Brandct^^  Deuot.)^ — Insoluble  in  boiliflf 
Water^     Not  altered  by  aqueous  iodide  of  potassium*  (BraudeaO 


Or: 

Fbl    

PbO  ..... 

Calculation^ 
230 

m 

«f*25 
32*5 

1 

f 

PbI,PbO 
.,.     208    ,.. 

342 
Brande«. 
6013       ,>„ 

lOO'OO 

Dcnot. 

(1) 
.      <M>-45       . 
.      36*88       . 

W 

2Pb 

150*82       . 
36^84       . 
2*34 

J| 

T  , 

.*.     126     ... 

37-9 

O  ... 

8     ... 

342 


100-00 


looa 


h.  PbT,2PbO. — By  precipitating  trisacetate  of  lead-oxide  with  exctm 
of  iodiile  of  potassium. — c.  PbI,5PbO. — By  decompoHng  sexbaiic  oc^fUtt 
of  lead-oxide  with  excess  of  iodiile  of  |^iolaiisium»  Deuot  spoak»t  it^doed, 
pwTQ\y  oi  had^acttate  (^Acdatc  plumb  it/ tu)^  but  there  is  no  doubt  that  be 
alludes  to  the  sex-baste  salt. — The  contpounds  6  and  c  behave  Uke  <7i 
when  fused,  (Denot.)  Oxy- iodide  of  lend  is  also  fonucil  on  buUifl|t 
iodide  of  lead  with  carbonate  of  lead- oxide  in  water.  (Uonot) 


I 

/. 

Or: 

r> . 

Pbl  

230     . 

..     50*66 

3Pb.,.. 

.     812 

...  <t8'r2 

2FliO 

224     . 

,.     4»*34 

I...... 

.     126 

...     2776 

I'rr 

20  .... 

..       16 

...       3*58 

.....    * 

»I,2PbO.,. 

434     . 

..   lOO-UO 

454 

,»  100-00 

******             wT^ 

IT  According  to  Kiihn  (Arch.  Pharm,  [2],  50,  2S1),  the  precipitate 
formed  by  iodide  of  potiiH»iuni  in  trisaeetate  of  lead-oxide  is  not  Fbl.aPbO, 
but  Pbl.PbQ-f  IIU. — Amnjonia  added  in  cxc^i^s  to  a  boiling-bot  Mdittion 
of  iodide  of  It^ad,  form.H  a  white  precipitate^  which  turn*  v^dlow  mhen 
genUy  heated,  and  corresponds  nearly  to  the  formula  PbI,3FbO-fHO*  T 

C.  loofDB  OF  Leah  ami  HrDitoGEif. — 1.  Aqueous  Iv  N^  »'r  acU, 
eipoMd  for  iome  time  to  the  air  in  contact  with  Icail-fiii  In^iif 

depositi)  white  crystals,  which  dissolve  when  the  wholv  jh  ^Kitiod,  aod 
OMumo  a  lliivr  appeatuuoe  on  cooling,^2.  The  solution  of  iodiile  el 
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in  hot  aqaeom  hydriodic  acid  yielda  die  same  crystals  on  cooling. — 

M&ifhiie  crystals  having  a  eilky  lustre.     The  compound,   when  kept  m 

ffheuo  or  in  dry  air,  gradually  gives  off  bydricwlic  acid  and  leaves  iodide 

of  lead:  the  Mime  change  takes  place  quickly  on  the  application  of  heat. 

Cold    water   likewise   extracts    the   hydriodic   acid    with    only  a   small 

quantity  of  iodide  of  lead.     Boiling  water  disBolves  the  aalt  completely, 

tot    the   liquid,    on  coollngj    deposits   crystallized   iodide    of  lead,    and 

ibetains  the  hydriodic  acid  in  solntiun,  (Guyot,  J.  C/ttm.  Mt'd.  12,  247.) 

K      When  fuhcd  iodide  of  lead  ia  decomposed  in  the  voltaic  circuit,  iodine 

Bi  evoiveil  at  the  positive  pole,  but  a  periodide  of  lead  aeema  likewise  to 

Be  formed,  which  evolves  iodino  when  heated  gomewhat  strongly.  (Fam* 

■ky,  i^J!y.  Ris.  in  EL  1,  236;  also  Pogg,  33,  485.) 

D.  Ba$ic  Period Ue  of  Lead-oxide  ? — a.  Blue  Salt, — First  observed  hy 
Ilenot. — 1.  A  solution  of  1  At.  iodine  in  1  At.  atjueous  soda  (carbonate 
of  «oda  is  not  so  good)  forms  with  nitrate  or  acetate  of  lead -oxide,  a 
transient  violet-red  precipitate^  which  decomposes  spontaneously  under 
wat-er,  yielding  iodine  and  a  beautiful  blue  powder. — 2.  But  if  only 
\  At.  or  ^  At.  iodine  is  dissolved  in  1  At.  iJodJ^  the  blue  precipitate  forms 
immediately,  and  the  solution  retains  but  a  trace  of  iodine. — 3.  Abo, 
when  hydrated  lead-oxide  ia  triturated  with  iodine  precipitated  by  water 
from  an  alcoholic  ifolution,  a  violet- red  mass  18  obtained,  whichj  after  a 
while,  gives  off  iodine  and  turns  blue,— The  blue  powder  gives  off  no 
iodine  in  vacuo;  it  likewiiic  remains  nnaJtered  in  water  and  in  solutions 

ftpl  lead- acetate  and  of  titigar,  but  the  weakest  aeidd,  even  the  carlxmic 
iKcid  of  the  air,  aeparato  iodine  from  it  and  form  a  lead-j^alt.  When 
^peated  alone,  it  docs  not  evolve  iodine,  but  turns  green  isb~y  el  low, 
wperhap^i  from  foniiation  of  iodide  of  lead  iind  ba^ic  iodate  of  lca<I-oxide, 
(Durand,  N,  J.  Fhann,  2,  311.) 

b.    Vitylti  iSatt. — Litharge  exerts  little  or  no  action  on  a  mixture  of 

line  and  water,  even  with  the  aid  of  heat;  bat  pure  hydrate  of  lead- 

tide  mixed  with  iodine  and  cold  water  form^,  in  a  few  eccofid.s,  a  pale 

(Tiolet-culourcd  compound,    wliicb»    after    the   excess  of  iodine  has  been 

cpclled  by  boiling,  mu^t  be  wai^hed  and  then  dried  out  of  contact  of  air. 

The  bydmtcd   lead-oxide  may  likewi*>er   lie  tfeated   with   nn   alcubollc 

olutiou   of  iodine,  and  the  excc.-s  of  iodine  removed  by  washing  with 

IcohoL-^Tlie  pale  violet  conipound  contaiurs  8382  per  cent.  (6  At.)  of 

ad'Oxide  and  Hi'23  per  cent.  (I  At. J  of  ioiline. — At  a  strong  red  lieat, 

gives  off  oxygen  gas  and  bavos  iodi<lo  of  lead  [mixed  with  oxide]. 

abscirbs  carbonic  acid  from   the   air   without  evolving    iodine.     The 

Btiger    acids    separate  iodine   fiom   it.      Caustic    potash   dif^solves   it 

adually.     It  is  but  .^lowly  decompo.scd  by  boiling  with  water,  and  does 

tiot  yield  iodine  to  alcohol. — To  obtain   the  blue  conipound  a^  bydrated 

(fiad'Oxide  must   be  mixed  with  iodine  and  water,  and  a  few  dropf^  of 

llitrate  or  acetate  of  lead-oxide  addtd.   (Janimcs,  N,  J.  J%tn/L  3,  3.3(1.) 

■  f Can  the  compound  6  be  computed  of  Pbl  +  1  lPbO,lO,  and  the  com- 

M»und  a  dibtingulsbod  from  it  by  contui^-iiig  le.^s  oxtdo  of  leal?] 

E.  loDATR  OF  Lead-ox  ii>E,  or  Lead-iodatk. — Iodic  acid  and  i  oil  ate 
p.^  p(>tA*jh  or  soda,  give  nn  immediate  prccipiiato  with  iiiliiite  t/f  leiub oxide. 
(Pleisjchl,  t^chw,  i5j  18.)— -White  powdtr,  anhydrous  after  drying.  When 
fently  ignited  in  a  retort,  it  givea  off  a  large  ijuantity  of  iodine  and 
l^xygen  gas,  and  leaves  52  25  per  cent,   of  a  yellow  ifeb-brown  residue, 

l^ntainitig  iodide  and  oxide  of  load,  the  former  of  wUicU  iema\v\»  M?a^%- 
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•alftd  wkM  tiM  mUoe  b  digested  in  a4^etI0  wnL  (Ra^mmeUhergp  Fo^. 
44,  S#$*^  Witk  eODcentnUed  lijdrochloric  acid»  it  yields  clilnrioe  ^ 
Wftter,  4iiiolT»d  leroUaride  of  ioJme,  and  ery2«uUiQe  ctilortdo  of  \mL 
(Fillip) 


It  &9ilTii  Ttsrr  ^laria^Iy  in  water,  and  with  some  difficulty  in  nitric 

F.  EnAfllO  PittuoDATfi  OF  LEAD-oxtDE. — Formed  b^  pirdpttfttio; 
nilntlft  of  Imd-oxide  with  biba^c  pertodaic  of  sods  dissolired  in  tli« 
MiifcttMl  MwtiVk  qnftntitj  of  wami,  dilate  nitric  actd.      1/  t*^^^      ' "^^ 
Mitrio  mm  he  t4ded  to  tlie  solution,  the  filtrate  will  contain  | 
mU*  iMri  wQX  thai  jidd  an  additional  quantity  of  loa«l-salt  on  d 
irkli  CiAomle  of  loftdoride.     Monobasic  periodato   of  »oda   1 
tKri>ir9  4tvtt  bibaeie  periodate  of  lead-oxide   from  a  aolntion   -i  in^ 
nilnli^  At  W|WH—Nnl  Uqnid  beeomtng  charged  with  free  aeid^ — Wl;it« 
|i^ir4or»  wIMl  Wooms  yeUowi^h  when  dried  or  heated,  or  b^v  h««£  4 
Uttlar.    PtmnfiOiniii  by  dilute  gulphnric  acid,    Disaolres  reailiW  In  dilute 
ttinir  neM.  but  ^ot  in  aquooos  penodic  acid^  or  iu  pure  water.  (^cQckiier, 


Lead  and  Bromine. 

A.  BlK«Miai  or  Lkaiv — 1,  Bj  Ireoiing  lead  oxide  with  a4iueoQa 
Igf^tvibl^MMt  afOUL  Lnnl^xide  trciited  with  bromine- water  is  immcdiatelf 
f«lkY*n*4  ill©  ptfoxida  of  )e«d,— 2.  By  precipitating  a  lead-salt  wiifc 
mifamm  h»im\i»  vt  polanisa.  (Bakrd.)— When  prepared  according  to 
{v>  ti  ist  a  whilt  djilallitie  powder.  (Balard.)  Frum  a  Bolution  in  b^ 
w  »!♦'*•  \%  9qiiu«i««  ui  wliiie  shining  needles.  (Lowig.)  After  mpid 
>^  tiaa  %  dUndly  of  6*fWS.  (Karstcn,)     At  a  strong  t:  rv 

«i^  )^t)ntd  (Bamrak  mmI  If  the  fusion  takes  place  in  a  \  ^i 

i^4vUid<Mi  (  he  call  iolMlfie^  on  cooling,  iu  a  white,  horn  . 

(L\^wi|C»)  -A^  i»  eoatect  with  the  air,  it  emits  a  small  4 

l^f  \\\\\W  fniH^as  *nd  on  cvolmg  ^lidifics  in  a  yellow  mass  conisistiug^  of 
•tuvbivvntdo  v>f  li  ul  liUhml  )— Niiric  acid  added  to  pulverized  brooiidt 
of  )iMk  ,  Sttlplmrie  acid  causes  the  evolution  of  broininio 

find  tu    1  lie  fuMsed  bromide,  on  the  contrary,  is  decoDiposrd 

i»uly   ^»v   '  vitriol,   fB^Jard.)     Bromide   of  lead   dissotre« 

••|MuiiU[(y  h<  . .  ,  1  ^  uo4«  marc  rettQily  in  wnter  containing  hydrochlodC) 
iMhu>,  or  luvtit^  arid.  (l*l»wtg.)  It  dissolves  slowly  in  cold  aqu^ow 
h>di^^*hlom(e  or  nitrate  of  auuiHMiia,  quickly  in  the  auno  aololiotis  wbra 
Harm.  (\Vill«(rin.) 

LMf. 
PM««t  (•«!»«««*««*«•»«**«                lOI-O       .,.         57-02  BM 
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H.  (iHYiiiinMitklt  or  LcAiiw^— L  Formed  by  igniting  bromide  of  \mJ^ 
in  eli«»  air,  m  ii  eMMi  to  emit  white  far^iw,  (Bahird.)— ^.  Bj  heatiu 
bromti  4%arluiniile  of  liwd  (p.  MS)  till  all  the  carbonic  acid  is  expoibl 
0  '  '  ''  *  Mit  brDmtd<»  of  l«ad  for  some  days  in  contact  wHli  i 
••  '  uiCi  and  ^tftttiig  from  time  to  time.     Thf  tiltiatf 

poiiniiiM  »n.   ,Hti„    »cid,  (Braa^iiv  ^'*^*  Pkarm.   UK  27^*)— Preparri 
ar  (;f)»  it  has  a  Unc  yetlov  eabur;  by  (3)»  yellowish  white,  hat 
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after  complete  debydration  at  140^,  yellowish.  When  heate*!  it  becomes 
leman-yellow,  tlien  reddisib-yellow,  ilieri  Wuwn-red,  and  after  cmdino^, 
resumes  its  original  jellowisb- white  coloar.  When  liealcii  to  fu^sifrnj  it 
emits  deose  white  fumes,  and,  on  cooling,  solid ilied  in  a  jellowihli-wbite, 
translucent,  pearly  mass.  When  decomposed  at  a  high  temperature  by 
chlorine  gaa,  it  yields  94*921  per  cent,  of  chloride  of  lead,  and  1%  there- 
fore =  PbBr.Pbb.  (Brandes.) 

"        C.  Bromate  op  Leaiwjxide,  or  LEAi>-BRnMATE. — L    Broniic  acid 
and  bromate  of  jiotai*!*  tlirow  down  a  white  powder  from  lead -salts,  but 
^  only  from  concentrated  solntloiis.  (Balard.) — 2.  The  salt  nv.iy  be  formed 
K  by  dis^olvin^  carbonate  of  lead-oxi^b  in  warm  broniic  acid,  and  leaving 
H  the  solution  to  crvstidlize.   (Rammelsberg.) —Small,  4*hining,  permanent 
H  crystals,  isomorplious  with  thfiae  of  the  atrontia-salt. — They  do  not  lose 
^  their  water  in  vat^uo  over  oil  of  vitnoU     At  180'',  they  bc^i^in  to  decom- 
pose, with  copiL»u.s  evolution  of  ga^,  forminj^f  brown  oicide  of  lead,  which, 
at  higher  temperaturea,  is   reduced  to  thtj  rod  und  then   to  the  yellow 
oxide,  the  latter  remaining  in  combitiatioQ  with  bromide  of  lead.    Soluble 
in  75  parts  of  cold  water.  (Hammobberg,  Po^f^.  52,  i)6.) 

Crystalliztd,  Rmntnelsberg, 

FbO    ^...... „..       1120       ...      46-78        46-39 

BrO*  , 118'4       ....      4&'46 

HO   „. „       90     .».      are 

PbO,BrO*  +  Aq. 239*4       „„     lOO'OO 

D.  Bromocarhonate  op  Cead. — ^Equivalent  cjnantitiea  of  bromide 
of  lead  and  carbonate  of  lead-oxide,  boiled  with  water,  form  an  insoluble 
compound,  which  fiisea  readily  when  heated,  and  afterwards  gives  off  its 
c&rbauic  acid.  (Lowig.) 

Lead  and  Chlorine. 

A.  CHiiORTDE  OP  hExn.^^Piumhttm-conieiim,  Horn-l^ad,  ^^  FomihI 
native  tLS  Cotunniie. — 1.  Lead  absorbs  clilorino  gas  very  slowly,  and 
without  visible  combustion. — 2.  Hydrochloric  acid  added  to  lead-oxide 
or  its  salts  forms  chloride  of  lead;  imd  dissolved  metallic  cliloridoij  added 
to  solutions  of  lead-salt^  throw  down  the  same  compound  in  the  ft»im  of  a 
crystalline  jwwder. — 3.  With  metallic  lead,  hydrochloric  acid  forms 
chloride  of  lead,  but  very  slowly,  and  only  when  assisted  by  the  action 
of  the  air.  The  same  acid  boiled  with  metallic  lead,  convert-^  it  into 
chloride,  with  evolution  of  hydrogen  gas. — When  prepared  by  (2),  it 
forms  a  white  crystalline  powiler.  known  by  the  name  of  ALftjidftiitm 
PlunM;  when  crystallized  from  a  hot  solution  in  water  or  aqueous  acidt«, 
it  forms  white,  silky,  six-sided  needles  and  lamime,  P'tise.^  below  a  red 
heat,  and  on  cooling  solidifiejs  in  a  white,  translucent,  horny  mass. 
According  to  J.  Davy,  it  does  not  volatilize  even  at  a  very  stron;:*^  red 

I  heat,  provided  the  air  be  excluded.     Specific  gravity  of  the  precipitated 
chloride  o'8022;   of  that  which  has  been  fused  out  of  contact  of  air, 
5  0824.  (K&rsten.) 
J.  DaTy,  Dobereincr, 

Pb    « 104-0      ....       74^6 74-22 7576 
CJ.. 35'4       ...,       25*4         25'7ti         ........         24'24 


PiiCl  ...       139  i      „„     lOO^O lOO'OO        ........      \ftft<aQ 


1**C  LEAD. 

Or :  Bendiai.  Klnraa. 

rbO    1120      ....      80-34        80-26        81-77 

C1~0       ■         27-4       ....       19-66         19  74         18-23 

13^-4       ....     10000        10000         100-00 

Wlioii  ijiiitoil  in  contact  with  the  air,  it  partly  volatilizes,  together 
wiih  I'Xtvs*  <»f  rliltirlno.  loavinir  a  resiiiue  of  oxychloride  of  lead.  (Dobe- 
ri'ir.or,  S'\i:  17,  2.">."».^  When  fu^cJ  with  gulphur.  it  is  partially  con- 
vortiil  iiit-i  jiiilphilo  I'f  Ka«l.  (A.  Vogel.)  It  is  completely  decomposed 
hy  oiirlu'iiio  oxiilo.  at  a  rod  heat,  yielding  phosgene  gas  and  metallic  lead. 
(Cull!.  ./.  ;  .-.  /*'.  ?  •  .1.  1.1.  r»>S.  — With  phosphurettcd  hydrogen  ga.<,  at  a 
i:o!iilo  hoai.  it  y'k-i.I>  l.ydro.^hloric  acid,  phosphor  as  and  metallic  lead. 
(H.  K.M',  r  ':.  -4.  ;"J:M.i — With  aqueous  hypochlorous  acid,  it  forms 
piTK'xi.Io  of  li;:d  ar.l  il.lirine  ^i.-.  (Balard.) — Aqueous  alkalis  convert 
i:  ;:•.:.»  qv..:.ir.  1. 1?:^-  liv-lr^H-hl-nito  of  lead-oxide. — Chloride  of  lead  dis- 
.Nv«l\;>  >l.\\*.y  iv.  l:-.*!  Y-^'^=^  *'^  water  at  12-5-  (Bischof),  and  in  a  smaller 
«|;:;ir.:-:v  ^i  1 .  :".:v.::  \v:i:ir  Of  c«.»ld  water  containing  hydrochloric  aciJ, 
it  rr.ii:.ri\«.  \f\>\'  j-.:r:>  t.-  di^^«'I>o  it — twelve  times  as  much,  therefore,  as 
k\  y.'.rv  v.i!*?  :>.>o":..  :*  :  l;c:'iCe  a  precipitate  is  formed  in  the  aqueous 
>i''..:-.  ■.•.  v:.  :". .  :; '.':!:  :.  f  l.ydroohiorio  uoid.  (H.  Ro.«e.)  On  the  oibcr 
1-...:.,1.  c,  :'..i  ■  ::v.:. .:  :  y.lr.-  i;*..  ric  aci«i  iiis?iivo?  chl«iride  of  lead  abundantly, 
:ii:.i  *  ;"^v  ]  .:,i-.i  ".  ":  y  ^^a:or.  .Gin.'  A  solution  of  chloride  of  calcium, 
t\  c-.:  ::  \\  ...u^  .:nv  ^*  ?o  \  Tx.  cipitait?  tho  aquoous  Solution  of  this  com]»ounii, 
K-.ix:-.  .:  .;  >  ■  .  *.:  o  ■  :,::::  rj  1  jari  vf  chloride  of  lead  in  534  parts'  of 
x\..;,:      ":»-..    •■  .^     .    '  t.  T'J.       Ti.o  ^olut ion  in  St ron IT  hydrochloric  aciii 

■.  . :  :■:.»  :..'..';  *v  «  :  : -.in-.tol  hydr-'iron:  hut  immediately  on  the 
lui.s::-.:'  » :  \*:\:.  ?.  ^^  ...■kc::r\'.iir.»  Chloride  of  lead  dijisolves  t^omewhat 
al':;v.-;i*.;'.\  •■  ;.  ;  .u  .  .*  r.k.i".!  o  hyj»«\<u'.phitcs  i  Herschcl »,  also  in  aqueous 
:..*  ■..;'.k'  k'  -  ...i  It,  :';  ^it  rt\  1:>"."»  parts  of  lead-acet;ite  dissolved  ia 
\*  .1,  •  ..  .■  •  \,  ■  V.  :.  "^  "  '.  ..:".s  ■  :"  V'  :i\v.:"i\  salt,  from  43  to  4S  parts  of 
tl."..     ...         ,.•...•.•■..■   :..:.  :.  :':.■.  :*".:r.i:o.  iii  further  evaporation,  pve« 

»  * ..•.:-:-   ::.-    -.rx :•.:<.:  piirt   of  the  chloride  [or  oxy- 

,:  '..  •  ?      ..  ..:   .iT  '•.:«■:!.  ^  "..'y  4  4  i»art>  remain  in  s<dution. 

.\  ..    ,".  ,  .\     ■ >;i":  .-.  .it  i  :  ■  a  >■  lution  of  lead-acetate  forms 

.   i-v,  •.     ...    \i  ^  *   ■  ■..■.■.*     "   ::^:::i:i  n:  a  small  quantity  of  lead- 

.........  ...  ..  -     .::    :   ^f  e  v.:'V"i\   >;iii    f.-rnis  a  |H*nuanciit 

.    .  ..    ■. .  :....:>    :;i  -  :■.  :\t  \  with  the  si'luli^'n  of  ctinimon 

,'..y ^  .     ■   .  .      A:  :  .  ■  .  /.•;     :.  T'-.  22;^^— L-hlorideof  lca.1 

,;  ...x,  X,  \  *■.  .  ^  \  ■  ..■  ".  v!'?'  J-. :  0'. :::  .  tl.e.-oluhility  not  Ikmd^ 
I  ,  ..s  i  . .;  :  \        ,.  -:::.:.  T  }<r  vi::    i:  is  iu^olu^le.  ^Hischof} 

i;    ^^\\.  ,    •  "^  ■  — :       iC..?'*'. — I  par:^  of  chloride  *'f 

■    .'  „  ■     .-,       N   .    i  ..   :':>    1.   l.imii:.ir,   |ii.';»rl-^riy 

,     ^       .      ».  *,    .      .         ■.  .  ".  \^  ".;   V.  ..:ir.  *wi*.:s  up  to  a  bulky  nia.***. 

\^  '  ...... 

;     ,       ;     /  '     .     .         .■  .    -  :  •'■    ■  ''  '*ad  in  the  air  till  it 

.  -    .•.,■.*.  .T  0*..!  ri-le  of  load  and  *-ar- 

I  ^  .■•.-*»:  frre.     The  mixture 

,,  ■  .  .         -■"..*.:  I.-  •  '.>.  Kc'-mes  first  lem«»n- 

^        „  .  ■*  :  '.n'iner.)     If  j«uho- 

,  .   .      -  -      .    i  .y»  in  r.mtaet  with  a 

.  ■.-  N  -    .:  T  :-t.'xi.le  i*(  lead  wiiL 

'.    ■•■  "..r    w  liieb.  after  wa*liin,' 

^  .  -  ■     -  "■  ivr  e- III.    of  w.i:'r. 

,\i   t     ..  .»«...-.•.*■.:*:  ■■  I'. -ui  assuming  li^^t  a 


Berzclius. 

Rhodius. 
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55-82 
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100-00 
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y^lowish-white  and  then  a  light  yellow  tint;  and  the  residue  ultimately 
fnses  to  a  deep  yellow  liquid^  which  gives  off  white  fames^  and  on  coolin?, 
solidifies  to  a  nearly  white  mass  containing  55-36  per  cent,  of  chloride 
of  lead  and  44-45  per  cent,  of  oxide.  (Brandos,  Ann,  Pharm.  10,  274.) 

c.  PbCl,2PbO. — Mendip  Lead-ore  or  Mendipite. — Right  rhombic  prism. 
t^itt'rrT?®  SS*.  Cleavage  parallel  to  p  and  u.  Sp.  gr.  =  7*077.  Harder 
than  gypsnm.  Yellowish-white,  with  an  adamantine  lustre;  translucent. 
Decrepitates  when  heated,  and  appears  yellower  after  cooling.  Fuses 
Tcry  readily.  Yields  lead  before  the  blowpipe  upon  charcoal,  with  evolu- 
tion of  acid  vapours.  The  carbonate  of  lead-oxide,  the  quantity  of  which 
is  variable,  ana  the  silica,  are  to  be  regarded  as  accidental  admixtures. 
(Berzelius,  Fogg.  1,  272.) — IT  This  mineral  is  likewise  found,  and  in  a 
state  of  greater  purity,  at  Brilow  near  Stadtbcrgen :  it  there  occurs  in 
connexion  with  calcspar  and  calamine.  Structure  crystalline.  Cleavage 
distinct.  Very  slightly  brittle.  White,  translucent,  with  a  mother-of- 
pearl  lustre  on  the  cleavage-surfaces.  Sp.  gr.  =:  7*0.  (Rhodius,  Ann. 
Pharm.  62,  373.)  T 

Mendipite, 

PbCl     139-4    ....    38-36 

2PbO   2240     ....     61-64 

PbO,C02    .... 

Si02 

HO  

PbCl,2FbO....         363-4     ....  lOO'OO 

d.  PbCl,  3PbO.— a.  Anhydrous. — 1.  By  fusing  1  At.  chloride  of  lead 
with  3  At.  of  the  protoxide. — 2.  By  fusing  the  hydrated  compound. — 
Greenish-yellow,  with  a  laminar  texture;  yields  a  pale  yellow  powder. 
(Dobereiner.)-H3.  Hydrated,  PbCl,  3PbO-|-HO,  or  Quadrobasic  Hydro- 
chlorate  of  Lead-oxide,  4PbO,  HCl. — 1.  By  decomposing  chloride  of 
lead  with  an  aqueous  alkali.  Berzelius  precipitates  an  aqueous  solu- 
tion of  chloride  of  lead  with  ammonia. — 2.  By  precipitating  subacetate 
of  lead-oxido  with  a  solution  of  common  salt.  (Berzelius.) — 3.  By 
decomposing  a  solution  of  common  salt  with  lead-oxido.  Scheele  has 
shown  that  soda  may  be  separated  from  salt  by  this  process.  Accord- 
ing to  Vauquelin  {ScA,  J.  4,  51),  1  part  of  common  salt  requires  7  parts 
(rather  more  than  4  At.)  of  finely  pounded  litliargo.  The  mixture 
worked  up  with  water  to  a  thick  pulp,  turns  white  and  thickens,  the 
lead-oxide  swelling  up;  hence  it  is  necessary  to  add  repeatedly  fresh 
quantities  of  water  and  work  the  mixture  up  again.  On  diluting  with 
water  after  four  days,  and  filtering,  the  filtrate  is  found  to  contain 
nothing  but  caustic  soda  with  a  small  quantity  of  chloride  of  lead  dissolved 
in  it;  but  no  common  salt. — According  to  later  experiments  of  Anthon 
{Eepert.  77,  105),  the  chloride  of  sodium  is  but  half  decomposjed,  even 
when  ten  times  its  weight  of  lead-oxide  is  used,  and  the  mixture  is  left  to 
stand  for  12  days  and  frequently  agitated.  Whito  flocculent  mass,  which 
when  heated  gives  off  7  per  cent,  of  water,  and  is  converted  into  PbCl, 
3PbO.  Acids  dissolve  out  the  oxide  of  lead,  and  leave  the  chloride.  The 
compound  is  almost  wholly  insoluble  in  water,  slightly  soluble  in  caustic 
Boda.  (Vauquelin.) 

€.  PbCl,  5PbO. — By  fusing  1  atom  of  chloride  of  lead  with  5  atoms  of 
the  protoxide. — Orange-yellow  substance,  yielding  a  powder  of  a  deep 
yellow  colour.  (Dobereiuer.) 

/.  Cassel'^ellouf, — Commonly  prepared  by  fusing  a  m\iLt\\t^  ol  \  ^^csX. 
of  nJ-ammomac  with  about  10  p&rte  of  massicot,  minium,  oi  -w\i\A\^9A. 

1*^ 
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Part  of  tlie  sil-animoniac  sublime?  undecompu^iedy  so  tbas  the  compoand 
contains  about  7  At.  lead-oxiJe  lo  1  A:.  chlori^Ie.  Pan  of  tlie  lead  is 
at  the  same  tiiue  re<iace*i  bj  tbe  aamonia.  The  compoand  has  a  fine 
Velio w  coloiir.  and  cr].'?Lill:xes  ia  rad:ace«i  laminx. 

C.  Chl«.'Rite  uf  Lead-  xede.  or  L>:akm:hi/obtte. — ^Br  prmpitatlng 
chlorite  of  barv:a  wLich  o:  niains  a  iarse  qnazitltT  of  fwe  chlorous  add 
and  is  in  exi:ess.  w.:u.  zl-.z  i;::ra:e  -.f  Ie;Ad^>xide.  acd  v^ashic^  the  i>reci- 
piafc:^.'  Willi  water.  A-  -rxots*  ■::  Iea.I-:::ira:e  would  lanialiT  dissoUe  the 
prey:p::a:e  — Si:_Ll:r  vt:.  w.  crj^i^.V-^  sca;«  Deci>3:pos€S  at  I2<>* 
with  a  kini  ::  rxp-.-i-.z.  S-?:*  ±:i  :.■  f .  wer*  o:  salpLur  which  are  trita- 
riz^d  vlizLii  >y  :i.fa-*  •.:  a  ^!is«  r>i.  51acke:is  at  firsi  in  hTdrosulphuric 
acid  jas.  :h.^  yi^z-iixirW  iiTz.i  ^iilte  br  c^roTersion  into  snipliate  of 
leai-.  x:  !■?  W  "-  *  — -i;-^  >■'  e3:;al  pans  of  water  and  oil  of  vitriol,  it 
cv.L%--s  ri::  .'-il.r-.  :s  a.::i  jas.  €sp«:aliv  wtween  4o-  and  50*,  and  TieMs 
Sj-rj  tr.r  .,.■  J.:.  . :  l-:a--?ili^:e.  i^MlIl..ii.  X.  Jan.  Ckim.  PAys.  T,  327.) 

Cry-T^xufri.  MiDoii. 

r?  i:i-^>      —       t»-S4 65-39 


ltt  ■?  LT-kr-:x:r»E.— Bj  "iissi.Irin^  lead-oxide  in  aqaeoos 
clr.  re  i^  :.  :-t  si  :  is  *cu::-:«i  ir.  w'i::e  shiainr  lan:in«.  the  eolation  of 
w*  :'::  is  :•.  ^"  -t.t*s-  *ii^  i  r  ^t..  swf»::  laste.  azd  d^*«  cot  redden  litmus^ 
Vi- ;i;.  r.  --:  •»  .  '•  -".  --"  — ^  3To-.>;Linra  h:-:  sc-Iationof  thissaJl, 
-'-■•'.  ■  L  'ri-r.'s  i'^i  :::j.Z'M.  w-:.:^  .v»xE:e  dull  and  opaoae  by 
i^'—-  :-:  *  '  :.  vj^"?  ;-v;^^i::  F'r-O.CIO'^HO.  Thovdo 
r  :  :.  .:>:■:*:-■  i*"  -x-^-  :' > -  — ^  '^  wi:er  asi  ia  alcoh^.l.  When 
Vi,^.,.-;^  ::..T  .:iTj  .-  xj.-ii  -'-^^  -"  --Ji--  -f  r-ell.w  colour  acd  havicj; 
■."/\.'...^..;.;    ..  :  r.  f  :  .-       ?.•.".  irTCl      '•Vior-.er.  JiiJi.  Fh^nn.  52, 


c 


r^T  ;x:r- —7'^-:  5v'^:::ii  of  lead-oxiiie  in 
.  V  -. :s  ?■-  i—  rr.sns  hsvi::- a  swetn  but 
■    -    iS.  i:  ti^ir  .-^z  wii^h:  of  water,  and 

7  ■  "ir — T.^zl  ri:>.o  as  I/:rn'!ii'.f,  or 
-  -  T-  -•'  ■  i>.  .-i.  ■.--•.  y- "'.  -rl  i-ther  furms; 
riirior  :han  jyjisura: 
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O.  Chlorophosphite  of  Lead. — Lead-salts  added  to  terchloride  of 
phosphorus  dissolved  in  water  and  neutralized  with  an  alkali^  throw 
down  a  compound  of  phosphite  of  lead-oxide  and  chloride  of  lead,  from 
which  hoiling  water  extracts  the  latter.  (Berzelius.) 

H.  Chlorophosphate  op  Lead.  — PhCl-|-3(3PhO,cPO*.)— To  this 
head  belongs  PyromorphiU  {Green  Lead-ore  or  Brown  Lead  ore). 
Crystalline  system,  the  hexagonal.  Fig,  131,  135,  137,  138,  and  other 
forms.  r:r*=81'^  46';  r:<r=130^  53'.  Cleavage  imperfect,  parallel  to 
r  and  tr  (if  any).  Sp.  gr.  =6-9... .7*0.  Hardness  equal  to  that  of  apatite. 
Variously  coloured;  with  a  fatty  lustre;  translucent.  Fuses  easily,  and,  on 
cooling,  solidifies  with  vivid  incandescence  to  an  angular  crystalline  mass. 
Fnsed  with  carbonate  of  soda  upon  charcoal,  it  yields  metallic  lead.  Its 
solution  in  nitric  acid  gives  a  turbidity  with  nitrate  of  bilvcr-oxide.  In 
0ome  of  these  ores,  the  chloride  of  lead  is  partly  replaced  by  fluoride  of 
calcium,  and  the  triphosphate  of  lead-oxide  by  triphosphate  of  lime  or 
trisarseniate  of  lead-oxide.  The  calcareous  ores  may  (with  Fuchs)  be 
regarded  as  mixtures  of  Apatite  and  Pyromorphite.  The  arsenical 
ores  fuse  upon  charcoal  before  the  blowpipe  and  yield  metallic  lead. 
(H.  Rose.) 

W5hler. 


PyrtmorphUe.              '  a. 

6. 

c. 

d.    ' 

lOPbO 

11200     .... 

82-26     ....     82-29 

....     80-55 

....     82-46     . 

...     75-59 

CI-O 

27-4     .... 

2-01     ....       1-98 

....       1-99 

....       1-95     . 

...       1-89 

3ePO» 

214-2     .... 

15-73     ....     15-73 

....     14-13 

....     15-50     . 

...       1-32 

AiO»    

.... 

....       2-30 

....     trace 

...     21-20 

Fe«0»  

....     trace 

trace 

....     trace     . 

...      trace 

CaO 

1361-6     .... 

10000     ....  100-00 

....     98-97 

....     99-91     . 
Kersten. 

...  10000 

Or: 

e. 

/■ 

9- 

PbCl 

...       139-4 

....       10-24       .... 

1009      .... 

1008       .... 

9  92 

C«P 

....                      .... 

013       .... 

014 

3(3Pb0.cPO»)     1222-2 

....      89-76      .... 

80-91       .... 

89-11       .... 

8917 

3C«0.cP0». 

....                     .... 

.... 

0-68       .... 

0-77 

F€*0»   

.... 

trace 

1361-6 

....     100-00       .... 

100-00       .... 
Kersten. 

100-00       .... 

10000 

^  h. 

t. 

*.    ^ 

PbCl    

9-66       ... 

10-64 

...       10-84 

CaF 

0-22       ... 

0-25 

109 

3(3PbO,cPO*)   ....       89-27       ... 

81C:) 

...       7702 

3CaO,cP0*. 

0-85       ... 

7-46 

11-05 

Fe^C  

trace 

10000      ... 

10000 

...     100-00 

a.  is  Green  Lead-ore  from  Tschoppau. — 6.  White  variety  from  Tschop- 
pau. — c.  Ore  from  Leadhills,  in  aurora-red  hexagonal  prisms. — d.  Ore 
from  Johann  Georgenstadt.  in  wax-yellow,  acuminated  prisms.  (Wbhler.) 
—  e.  Crystallized  Brown  Lead  ore  from  Poullaouen.— ;/'.  The  same  from 
England. — g.  The  same  from  Bleistadt,  of  specific  gravity  7*009. — h.  The 
same  from  Mies,  of  specific  gravity  6*983. — i.  Botrymous  Brown  Lead- 
ore  from  Mies,  of  specific  gravity  6*444. — k,  Botrymous  Broww  L^^- 
ore  from  the Sonneuwirbel  mine  soar  Freiberg, of  apeci&c  \£.t^n''\V^  s^v^^'^. 
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{Breitbaupt*a  Folyipheriie,)  (Kjiraten,  Sehw,  $2,  1,)  —  Id 
Etd}/phanc^  froni  LoDf^rbaiiehyttaii,  of  specific  crravity  5'4y<l,  Kersten  fouiiJ 
PbCl  10  29,— 3CaO,FO^  15'51,— 3CaO,  AsO*  12-08,— 3P10,  AsO'  <:n  10 
(losa  ri2),^In  an  orange-yellow  phogphate  of  lead  froui  W  \ 

Venicm  {PhiL  Mag,  Ann,  1,  321;  alt.o  Schw.  52,  187)  found  i  li. . .  .i.  C, 
SPbO.fPC  87-66,— PbO.CrO^  1-20,— lime,  silica,  ferric  oxide,  water  and 
combiistilde  matter,  0*40, 

IF  Tliei  same  com  pound,  containing,  however,  an  atom  of  waier^  b 
formed  artificially  on  pouring  aboilfnf^  solution  of  cLlorido  of  lead  into  a 
eolution,  likewise  boiling,  of  pbosphate  of  Foda,  tbe  latter  heinij  to 
excess.  Tbe  precipitate  m  inaolulde  in  water,  but  diawolvrs  iu  iii:ric 
ttcid,  which  converte  it  into  tbe  pbospbo-nitrale  of  lea<l-oxide  disco verf^l  bj 
Berzelius  (p,  158),  The  composition  of  tbe  precipitate  is:  3(3PbO,PO  )  -^ 
PbCHHO.  (Heintz,  Pogg.  73,  122,)— Wben,  ou  the  contrary^  a  builing 
Bolution  of  phospb:ite  of  t^oda  is  poured  into  an  excess  of  chloride  of  le«d, 
a  precipitate  b  formed,  which,  according  to  Heintz,  is  composed  «if 
2f3PbO,PO*)  +  PbCI),  but,  according  to  Gerhardt  (^V.  Jnti.  Chim.  PA^f$. 
22,  505),  of  2PbO,HO,PO*  +  PbCL  The  aamo  compound  may  be  formed 
wben  a  p!iosphate  is  precipitated  by  a  lead-solution  in  presence  of  a 
soluble  chloride.  IT 

I*  Chlorobulphtde  of  Lead. — When  a  lead-salt,  e.ff,  aqueooa  chloride 
of  lead,  ia  precipitated  by  a  mixture  of  sulphuretted  hydrogen  water 
and  hydrochloric  acid,  there  is  produced,  first  a  yellowish- red  and  thon  a 
ro«.l  precipitate  containing  about  56  per  cent,  (3  At.)  of  sutphtdo  and  44 
per  cent*  (2  At,)  of  chloride  of  lead.  An  excess  of  «ul)d»uretted  hyilro- 
gen  water  turns  it  black  and  converts  it  into  pure  sulphide  of  lea<l ;  the 
same  change  is  produced  by  boiling  with  water,  which  ex t nets  the  cldo* 
ride;  the  compound  \9  also  blackened  by  potash,  which  extract*  lli© 
chlorine,  (Hiiuefcld,  J.  pr.  Ckem.  7,  27.)— When  sulphuretted  hydmgvti 
ia  |>iut!!»ed  through  a  solution  of  ^  pt.  load-acetate  in  100  parts  of 
water  mixed  with  10  parts  of  hydrochloric  acid  of  spcctfie  grik^llf 
1'1G8,  a  beautiful  carmine-coloured  precipitate  of  chlorosulphido  of  Im 
is  produced.  If  the  b^olution  contains  I  part  of  iead*&cetate,  113  paria 
of  water,  and  14  of  strong  hydrochloric  acid,  sulphuretted  hydrogen  pPih 
duces  a  yellow  precipitate,  which  gives  up  chloride  of  lead  to  heiliiif 
water,  while  bbck  protosulphide  of  lead  remains  behind. —  If,  instead  of 
14  parta  of  strong  hydrochloric  acid,  we  use  H  pirts  of  a  nuxturo  of 
2  parts  of  strong  hydrochloric  and  1  pt.  nitric  acid,  prepared  two 
days  before  and  containing  hyponitric  acid,  the  sulpburetted  hy-^ 
producoa,  after  a  while,  firtit  a  yellowi^h^red  and  then  a  ciii 
red,  granular  precipitate.  (If  the  stream  of  eulphurette*!  hy^J: 
were  continued  for  a  longer  time,  the  precipitate  would  boromo  i  r  : 
cannine-colouredt  then  brown,  and  lastly  black.)  The  gran  il^r  :." 
cipitate,  when  boiled  with  water,  givej*  up  a  considerable  «|ri  n  •  -  .  ..f 
chloride  of  lead,  and  is  convertcnl  into  a  brown*re<l,  tloctubMiT  (..sir, 
which  then  undergoes  no  furtber  change,  but  when  heatetJ  .<I^u»j  iw  i 
l^laos  tube,  gives  otl'  sulphur  and  hydrosulphuric  acid,  and  fuite^t  to  i 
nrown  inaas.  Accurding  to  this  reaction,  the  hyponitic  a^id  mnsi  lui?« 
precipitated  sulphur  from  the  hydrosulphuric  jw*icf,  and  the  rtnl  preripitita 
li  a  compound  of  chloride  with  polyaulphide  of  lead.  (Reluifchf  Htytrt 
50,  183;  J,pr,  Chem,  13,  130.) 

K.  CiaoRosrr.MiATR  of  Lead.  ^ —  1  At  chloride  of  lead  fusea  r»*iiiT 
irith  1;  2j  or  4  At.  aulphate  of  lead-oxide,  forming  a  thin  U<|iiid.     Wili 
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1  At,  lea<l-8ulphato,  a  white,  crystalline,  slightly  blistered  enamel  Is 
obtained ;  with  2  or  4  At.  the  enamel  is  slightly  crystalline^  (Berthier, 
Ann.  Chim.  Phyn.  43,  298.) 

L.  CuLORioDiDE  OF  Lead. — CoU  liydroclilonc  acid  bas  no  eensiblo 
action  on  ioilide  of  lead;  the  Bame  acid,  when  boiling,  dissolves  tbo 
iodide,  fonning  a  pale  reddi^^h-yellow  solution,  and  on  cooling  yielda 
pale  yellow  four-aided  needli^^,  from  wUicb  water  gradually  eitnicta  tlio 
cblonJe  of  lead.  (Laboure,  iV,  /,  Fhurm.  4,  328,) 

Lead  and  FLuonrNB. 

A.  Fluoride  of  Lead. — Lead  is  not  attacked  by  by  droll  uoric  acid 
&t  any  temperature  below  the  boding  point  of  that  acid.  (Gay-Luseac  & 
Tbenard.) — ^The  fluoride  i^  formed  by  precipitating  the  subaceLate  or 
normal  acetate  of  lead-oxide  with  bydrofliioric  acid  (Scbeele,  Gay  Lnnsao 
&  Thcnard),  or  by  treating  ciirbonatp  of  lead-oxide  with  Itj^dn^Hnorio 
acid  (Berzeliui^),  or  with  an  alkaline  bydrofluate.  (Scbeele.) — \Vhite,  non- 
crystalline powder  (Scbeele),  wbicb  fuses  readily  and  tben  solidifies  in  & 
yellow  raa^-^s.  (Bcrzedius.)^Not  decomposed  by  beating  in  dosed  ve«aels, 
but  evolves  bydrortuoric  acid  wben  beatcd  in  contact  witb  air  or  vapour 
of  water.  (Berzelius.) — Wben  beated  with  sulphur  in  a  gtasH  retort,  it 
yielda  sulphide  of  lead,  sulphurous  acid  ga^-,  and  gaseous  Haoride  of 
ailicium.  Phosphorus  and  iodine  scarcely  act  upon  it.  (Unverdarhcn, 
N,  Ti\  9,  1,  33.) — Oil  of  vitriol  separates  hydrofluoric  acid  from  it,  even 
at  ordinary  temperatures.  {Gay-Lu.'^ijac  &  'fhenard.)  Afjucou?  ammonia 
irithdraws  from  it  a  quantity  of  acid  just  sufficieut  to  convert  it  iota  tbo 
following  compouud.  Fl  uoride  of  lead  is  very  spariuj^ly  isoluble  in  water  and 
not  more  abundantly  in  aoueoos  hydrofluoric  acid  i  Berzolius,  J'V/-^,  1,  31); 
it  dissolves  inoreabundiuitiy  in  hydrochloric  and  in  nitric  acid  (Gay-Lussac 
&  Thenard),  and  is  decomposed  on  the  evapomtioa  of  the  dissolving  acid. 
(BerzeliusJ 

B*  OxVFLi  ORiDE  OP  Leaik — L    Formed  by  decompoiiing  fluoride  of 

lead  with  aqueous  aramoiiia.^2.  By  fusing  the  jl uoride  of  an  alkali  metal 

with  lead-oxide,  and  wjishing  the  pulverized   majs^i  with  water;  the  oxy- 

[  fluoride  i«  then  left  uuflji<*Jolved.^ — Has  an  astringent  taste.     Dissolves  in 

IpMlPktoi'  after  removal  of  the  saline  liquid.     Tbo  solution,  when  ex- 

fphiii  jb  the  air,  deposits  a  crust  consisting  of  carbonate  of  lead-oxido 

Hik}  fluoride  of  l^ad,  (BerjGelius.) 

C.  BoBOFLUoBiDE  OF  Lead. — PbF,BF'. — Formed  by  adding  carbo- 
tukte  of  lead'Oxide  in  small  portions  to  tetra-hydroHaate  of  bonicic  acid, 
ill]  A  precipitate  is  formed,  The  .solwtioni  evaporated  to  a  syrup  and 
then  cooled,  deposits  long  needles;  but  by  slow  evaporation,  iiJUJ -sided 
prismB  or  tables  are  obtained*  Tuste,  sweet  and  astringent,  aftcrwarda 
somewhat  sour.  By  continued  boiling  with  water  or  alcohol,  it  is  resolved 
into  an  acid  salt  which  dissolves,  and  a  ha&lc  salt  which  remains  behind 
and  forms  a  white  powder.  Another  easily  fusible  basic  compound  is 
obtained  by  heating  the  bo ro fluoride  of  lead  with  lead-oxide.  (Berzelius.) 

D.  CirLOROFLUORiDE  OP  Lead.— FbCl.PbF,  —  1.  By  precipitating 
iMueoQd  fluoride  of  sodium  with  a  boiling  aqueous  solution  of  chloride  of 
1^^^, — 2.  By  precipitating  an  aqueous  solution  of  2  parts  of  fluoride  of 

kioditttn  and  3  parts  of  common  eait  with  sugar- of- lead ,^ — ■^\\\\\.fe  ^o^^six 
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•||;.i.S-3-4J:.''-.3I). 
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^  h.  Terhaiic  f  Formctl, according  toBromeis  (J????.  P/wn«,  72, 50), 
by  boiling  tlie  orange- red  salt,  B,  a,  fur  several  Ijonrs  in  contact  witU 
melallic  lead.  Crystiillizea  in  needles  arranged  in  small  concentric  groups, 
sometiniea  of  a  brick-red  colour,  sometimes  green  and  bigldy  lustrous, 
Bometimes  exhibiting  various  Bliadea  between  tbes<?  two  colours.  The 
amount  of  lead  in  tlii^  salt  wa^  found  to  vary  from  SB  57  to  81J*34  per 
cent.,  that  of  nitrogen  frum  3*92  to  3"  56,  and  tliat  of  water  from  t)9S  to 
0*35.  Bromeis  regards  it  as  an  anhydrous  trinitrite.  Gerhard t  h  of 
opinioD  that  the  variable  (|uantities  of  water  found  by  Bromeis  show  that 
the  Bubstance  which  lie  examined  was  not  a  pure  salL 

c,  Bibastc. — Formed  by  bitiling  the  biba^sic  hjponitratej  B^  b^  for  a 
ebort  time  with  metallic  lead.  A 8  the  Hipnd  cools,  the  salt  deposits 
itself  upon  the  byponitrate  in  ratbcr  lonc'  gidden-yellow  laecdles,  having 
the  form  of  rectangular  prisuK'i  term iua tea  with  rhombic  pyramids,  at  the 
extremities  of  which  re*entering  angles  occur,  iti  consequence  of  the 
formation  of  macle-cryetaU.  (Bromeis,)  IT 


2PbO  „. 

NO^ 

HO      _. 

224     , 

38     . 

9     . 

...     82'65 
...     H'02 
„       3-33 

Bromeii. 

82-45       —      82-47 

12-92      —       13*71 

3-97       —         3*53 

2PbO.NO>  +  Aq. 

271     . 

,,.  10000 

99-24      —      99-71 

d,  3fonoha»k,  —  Formed  by  passing  carbonic  acid  gas  through  a 
solution  of  a  in  hot  waiter— whereby  tliree-fourths  of  the  le^id-oxide  ia 
precipitated — and  leaving  the  yellow  filtrate  to  evaporate  spontaneously 

P(Chcvrenl),  or  m  vacuo.  [Peligot.)  If  the  liquid  be  heated,  nitrous  acid 
ia  given  off,  (Chevreul)  Long  yellow  prisnii*  (Peligot);  yellow  laminse. 
(Chevreul),  Very  easily  decomposed;  very  soluble  in  water.  (Peligot, 
Ann.  Chinu  Phrjs,  77,  87;  also  Ann.  Fhaym.  39,  338.) 

»B.  Hyponitratk  op  L£At>'OxiDFj  or  Leaivhyponitrate. — ^.  7  At 
hcLBe  to  2  Al  acidf  or  Qu'tdrohtmcf^-'i.  By  boiling  the  solution  of  B,  h 
with  leatl-oxide. — ±  By  boiling  166  parts  (1  At.)  of  lead-nitrate  with 
156  parts  {l^  At.)  lead  and  a  very  large  quantity  of  water,  and  leaving 
the  yellow  tiltr^ite  to  crybtallize  by  cooling,  hi  this  process*  nitric  oxtdo 
gas  is  always  evolved.  With  more  than  2  atoms  of  lead  and  longer 
boiling,  a  colourless  solution  of  quadrobnsic  nitrite  ia  obtained;  and  by 
boiling  for  a  shorter  lime  oulvj  a  pale  yellow  liqui<l,  which  on  cooling 
deposits  a  mixture  of  tlio  ealts  B^  <i  and  B,  6;  these  may  be  &e]mratcd  by 
boiling  water,  which  extracts  the  latter.  (Peligot.)  If  the  salt  bo 
^  regarded  aa  qnadroba^^ic,  the  formula  of  its  production  may  be  as  follows: 

f  3(PbO,NO*)  +  5Pb  ^  2(4PbO,NO*)  +  NO^; 

With  regard  to  Peligot*fi  assumption  that  the  salt  contains  |^  At.  acid,  it  is 
noteaej  to  devise  a  formula  which  shall  express  the  mode  of  formation, 
Orauge-yellow  prisms  which   ret  Bin   tlieir  wsiter  till  heated  above  100^. 

PThey  dissolve  in  concentrated  acetic  acid  without  evolution  of  gas,  pro- 
vided the  acid  be  gradmilly  added,  8o  that  no  heating  may  take  place. 
The  yellow  solution  of  1*10  part.s  of  this  salt  dissolves  27  parts  of 
peroxide  of  lead,  with  decoloration  of  the  liquid  and  formation  of  nitrate 
of  lead-oxide.  By  decomposing  the  salt  with  baryta- water,  we  obtain 
niimle  and  nitrite  of  baryta.  The  cry^stals  dissolve  in  12^0  part^  of  cold 
aad  ill  34  parU  of  boiling  water,  (Peligot,) 


7U 


u-m 


n    ^    i«-if 


s    _ 


1^      ^ 


—  11 


»4'")  fit 

10  41 


iAasw^ 


h%i 


i^-m 


9^11  pr  sst  «f  aaiuftiiT  wydk  c«fiTea|iot]4d  to  lOlt 
1  (It  iMzrl-n  :10^41.>~Beniflias,  bjr  boiling  1  pirt  of 
illk  li  ft.  lai-^pfi  mmi  50  w&t4»r^  for  li  long  time,  ifiJ 
|iil  to  emL  dltuttl  tooieiiflies  crystals  of  the  pale  ltd 
ttgcJca.  The  kUer  an^  formed  wbeu  tk 
Mfa^  m  mtM  cMiMei  It«r  9mm§^  «b4  raiifliat»  accortllug  ta  FelfjB^)t, 
«f  ihr  |Blt  Md  9^  JL  ««  SM  libe  qnnf^-yelloir  calt  B,  a,  whicb,  Wing 
«Mfe  ift  JHfanat  Ai^fwr.  anj  W  pvtif  sepuraied  by  dig;e$ticm  to  • 
flHtily  «f  vaftv  Mi  «ficmi  li»  MoIre  tlw  whole.     By  heat  in^  1  \mH 

[t  At)  of  Imi  mad  50  of  water,  till  the  lead 
B«raeli«i  obt^iaod  a  solution  which  ^rielM 
hmk^riil  mkt  oa  ^■^'Hg,  smi^  oa  ervfiotmlui^  the  mother- litjQic!,  tiii 
mmm  mh  vmi  oktened  ia  brid-nd,  fena-ltko  tuXu,  together  with  tlit 
7rflow«aiB,lL 

%  AceonKif  to  BwimWi  Ibire  mre  likewiae  two  other  orao^e-eolourd 
93ktU  TxyraveA  hj  Wilii^  kwt-oitnte  with  motdlic  lead;  viz.  (I)  » 
t  of  a  nitrate  anJ  a  kjpoDitrate^  composed  of  4PbO|N0*^ 

;  :  >3H0.  or  PkO^NCy-hePbO^KO'  +  SHO;  this  salt  cry^talliiw 

ta  oniii|^^rv<i  pnotti  dieslilate  of  la&Ue;  (2)  a  com  pound  of  a  nitritt*  aodi 
hvi— !<v  whoae  brmiria  ia  8FbO,XCH  +  4PbO.NO*  +  3HO.  and  wbidi 
1 '  >  t&  offmng«-rad  pnaati  more  lu&tToua  than  tho  Sj&lt  6,  a,  tad 

li  *TT  QitiDber  of  laoeU.     The  analyees  of  the  tliree  *  —  -  -  ^i 

approach  eo  near  to  each  other  that   it  u  -^ 

Uiuno    nun   too  ealta  are  reallj  different,   or   to  attribute  \u< 
\ tiiiatiutiD  observed  to  aajthiag  W  accidental  iuipuritv.     The  l;i 
dii'  *       Miouat  of  lead  were  between  86*02  ami  87  72  per  cct^u 

((  mpt^  rtn<Ltrav*Chim,  fl,  l«fi.)  IT 

~      t,  I'lrst  obtained  bj  Proust,  v^  T'ditaaar"  'i 

Hixi  1,  Beriei i US  reminded  it  ast  a  i  litoofth*   ; 

•^An  fmiHtui.^  woluiiou  of  100  parts  (1  Al)  uf  ka<^I-nitrato  hc.ikd  f^^r 
irniiff  \umrn  to  ii  temperature  been  70  and  75%  with  78  jiart«  (rather 
tiiorn   tliriu   1   At.)  of  lead-fuU,  acquires  a  yellow  colour,  and  dcpo*itf 

{idhiw  »<ui\vN  (if  thi«  »alt  aa  it  cooh.  The  action  begins  Wtwecn  50^  aoJ 
ii"*,  but  i^  nuieker  between  70'  und  75";  above  80^  a  portion  of  thi 
aalt  in  ileronipiinod,  %vith  evolution  of  nitric  oxide  gaa.  On  the  fint 
Aji|ilieatloi}  fif  tilt'  heat,  erj.stals  ot  dlnitrato  of  lead-oxide  nr 
d«|Mi«iited«  (Ber«efiu»,)  Peligot  takca  (j3  parts  (I  At»)  of  I  ,^^  ,jj 
[tarU  (1  At)  of  the  nitrate: 

l*hO»NO«+Pb  =  2PL0,NO*. 

I  Ikt  pfiaenoe  of  loo  much  lead,  and  from  too  low  bdliaf.  lit 

nI  tatt  baa  beooroe  contaminated  with  oranj^yetlow  »<aW  of 

Peligot  ireatfl  it  with  a  small  (quantity  of  hoi  water  in 
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which  the  yellow  salt  B,b\»  more  eoluble,  and  leavoB  it  to  orjitallize. — 
Chevreal  boils  the  aqueous  solution  of  lead-nitrate  with  excess  of  lead 
only  till  the  liquid  turns  yellow;  he  states,  however,  that  this  process 
does  not  yield  a  pure  salt,  dinitrate  of  lead-oxide  becoming  mixed  with 
it  if  the  boiling  be  not  continued  long  enough,  and  quadrobasic  nitrite  if 
it  be  kept  up  too  long.  According  to  Berzelius,  78  parta  of  lead  and  100 
of  nitrate,  yield,  after  complete  solution  of  the  lea^l,  nothing  but  the 
yellow  salt,  quite  unmixed  with  the  brick-red  salt;  according  to  Peligot, 
on  the  contrary,  the  salt  B,  a  becomes  mixed  with  it,  even  when  these 
proportions  are  used. — 2,  If  the  vapours  evolved  on  heating  fuming 
nitric  acid  are  passed  into  water  containing  finely  divided  lead-oxide,  the 
oxide  turns  white,  and  afterwards  dissolves  completely,  forming  a  deep 
yellow  liquid,  which,  on  evaporation,  yields  a  largo  quantity  of  silky 
scales  of  nitrite  [or  hyponitrate?]  of  lead-oxide,  togetner  with  a  small 
quantity  of  nitrate.  ^Fritzscbe,  J.  pr.  Chem.  19,  179.) 

Yellow,  shining  lamina)  and  long  flat  needles.  They  blue  reddened 
litmus  (Berzelius),  have  a  slightly  sweet  and  astringent  taste  (Chevreul), 
and  exhibit  two  axes  of  double  refraction.  (Herschel.)  The  salt  does 
not  part  with  its  water  till  heated  above  100°.  (Peligot.)  Gives  off  a 
portion  of  its  acid  at  100°,  and,  at  a  stronger  heat,  becomes  pasty  and 
darker  in  colour.  (Chevreul.)  When  heated,  it  gives  off  aqueous  acid 
and  red  vapours,  but  without  fusing.  (Berzelius.)  Evolves  red  vapours 
when  heated  with  stronger  acids.  (Berzelius,  Chevreul.)  It  dissolves  in 
cold,  strong  acetic  acid,  forming  a  yellow  solution,  and,  without  decom- 
position, if  the  acid  be  added  gradually  so  as  not  to  occasion  rise  of 
temperature.  100  parts  of  the  salt  dissolved  in  acetic  acid  dissolve 
44  parts  of  peroxide  of  lead.  On  decomposing  it  with  baryta- water, 
nitnte  and  nitrate  of  baryta  are  obtained.  (Peligot.)  When  the  salt 
obtained  by  (1)  is  dissolved  in  boiling  water,  yellow  laminse  separate  out 
as  the  liquid  cools;  the  mother-liquid,  if  evaporated  and  cooled,  yields  pale 
yellow  scales  and  finally  white  granular  crystals  together  with  yellow 
ones;  the  mother-liquid,  after  a  portion  of  the  lead-oxide  has  been 
precipitated  by  passing  carbonic  acid  through  it,  is  likewise  found  to 
contain  nitrate  of  lead-oxide.  (Chevreul.) — The  salt  dissolves  in  80  parts 
of  water  at  25"^,  and  in  10-6  parts  of  boiling  water,  the  yellow  solution  is 
rendered  turbid  by  carbonic  acid.  (Chevreul.)  The  solution,  after  very 
long  boiling  with  lead-oxide,  which  immediately  becomes  whitish  and 
floconlent^  yields  the  pale-red  salt  A,  a.  (Chevreul) 

Peligot.  Berzelius.  CheTreul. 

2?bO  224     ....     80-28        ....         7990  ....        800      ....  8000 

NO* 46    ....     16-50        ....        16-33  NO*       136      ....  17-16 

HO  9     ....      3-22        ....          3-33  ....          6-4      ....  2*84 

2PbO,NO<  +  Aq.    279    ....  10000        Z        99-56        Z       1000      ....     lOO'OO 
Peligot  found  in  the  salt  4*97  per  cent,  of  nitrogen. 

Berzelius  decomposed  the  solution  of  the  bibasic  salt  B,  h  with  a  quantity 
of  sulphuric  acid  just  sufficient  to  precipitate  half  the  lead-oxide,  and,  by 
evaporating  the  yellow  filtrate  in  vacuo,  obtained  lemon-yellow  octo- 
hedrons  containing  5*7  per  cent,  of  water;  these  crystals  he  regarded  as 
mononitrite  of  lead-oxide.  This  salt  is  regarded  by  Peligot  as  a  mixture 
of  mononitrite  and  mononitrate  of  lead-oxide. — Chevreul  passed  carbonic 
acid  gas  through  the  aqueous  solution  of  the  bibasic  hyponitratA  aa  V^xi^ 
as  lead-oxide  was  precipitated.    The  filtrate,  when  evaponA^  ^"7^  ^^ 


U  v'  V4^1\. 


white  K«iles  of  dinitrmta  of  lewl-oxide,  ioE«{^ 
swales  riMiiiMidmt  »lt,  ju»ii  likewiae  the  ciiiih 
j;  »fterw«nl»  it  jieliied  yelloir  octobcdroaft  cuii«ifitia2 
lii^y«ilrale]  snd  ^■laiUiOe  of  lead-oxide. 
-*.ilt  rvi^iufds  tbe  tw#  idCs  just  descriked,  not  m  bTjxmittittf, 
jum}>osed  of  iij£r.Ues  and  niiritefl.     la  fac^  f.tt  mUmg 
♦f  of  silver  oxide  to  a  solution  of  tli©  btbastc  salt  jfiH 
liate  precipitate  of  nitrite  of  silver-oxide  is  oltainii 
view,  the  jeliow  scales  firiit  fonncd  by  the  ftetionttf 
mononitrate,  are  composed  of  dinitrite  and  diaitnl^ 

iXiH>aNO*.HO)  =  2PK),NO",HO  +  2P»jO.NO*,HO; 
alKttii  may  be  represented  as  folloira : 

^2Pb^2HO  =2PbO,NO\HO  +  2PbO.NO*,HO. 

M,..f.»n;..  lead  be  further  continned,  a  fresh  porttooL 
M>  result  is  the  orange-yellow  salt,  wbjcliaaj 
gtkiM^M  *:>  :i  u^uble  salt  more  basic  than  the  former- 
*f^O^N0*  =  lPbO,NO*  +  3PbO,NO*. 

.mmi  arlm  of  tbe  lead,  tbe  subnitrate  contaiDed  ia 
'    *  ite  iMitt.  and  one  or  other  of  tbe  enhnitrites  A,  i, 
n^  muLtraw,  Chim,  6,  168.)  IT 

» or  LfUD-xiTRATR.— a.  Sae^atic^-f^ami 

MMiitaK  with  zunntonia,  and  digesting  the  wi«M 

Ml  !»  twelve  honrsi — White  powder,  harior  b 

L—Wkiftnod^ely  heated  it  giree  off  mmim, 

r,  b«t  bteooMa  white  a^n  oti  eoolingi  w\m 

jftifwikn^  jnltmiit  <if  lead*     It  i«  nmiij  iam^ 

Bcmlioi. 

M      ^.        7-34        717 

§      -.        l«        ......  !*« 


•  iMMI'lWl 


^*^3 


n5 


10000 


ii4ad%M 


4.IINI 


ing  a  solatioa  nf  tia 
%eiiin^  ta  a  eloae  veMi, 
V  '^t^t  <V^^  droppiBf 
mm^^  vaiy  ^  ''^^  "M^^  exeoet  of  amtnoiii 
maM  !•  V»  4eieeied  by  it«  odoar,  and  «dj 
wyck  it  ^j^fs  vttk  hydrochloric  acid.  Tb 
J  a»l  drM  o«t  of  eoatacl  of  air.^Wlfl9 
«(riL  il  gri«<i  •i*  VBler  mad  tur--  •  n  »  Ht 
vwi^i^;  wImi  a«ro  alrongly  i 
M  of  a  IwMM  jMnw  powder.'  im^if 

li  ib  waiif  ttin^mmg  in  eotuti  ttlti 
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c,  Bibasic, — DinUraie.—}.  By  boiling  1  part  of  the  moijonitmte  with 
]l  part  of  lead'Oxidc  and  with  water,  then  Blteritigy  and  leaving  tlic  eoliition 
fta  crystallize.  (Chevreiil,  .-tnn.  Chim.  83^  70.) — 2.  By  heating  the  mono- 
nitrate ^f^ith  white  lead  and  water,  Hhcnng  at  a  iioiliu;;  heat,  and  leaving 
the  liquiJ  to  cool.      The  caihonic  acid  is  evolved  as  rapidly  ah  if  free  nitric 
acid  were  jjresent.     No  salt  containing  a  larger  excess  of  base  is  fornied, 
even  if  the   white  lead   is   in  great   excess;    for  the  dinitrate  does  not 
lecompose  white-lead.    {Pelouzp,  Ann,  Oh  int.  Plii/s.  7'^,  107;  also  /.  pr, 
iCfiem*  25,  4Hi>.) — 3.   By  precipitating  the  mononitrate  with  a  qnantity  of 
amnionfa  not  sufficient  to  throw  ilown  the  wiii^le  of  the  lead-oxide.  (Ber- 
^xelius,  Oiib.  46,  142.) — 4.  When  tlie  inoiionitrate  is  toiled  with  zinc-oxide, 
Ihe   bibasic  salt  separates  from  the  solution.   (Peraoz,  vljin.  Vkim.  Phyt^ 
58,  101.) — ^As  the  hot  aqueous  solution  cools,  the  butt  separates  in  white 
rains    and    pearly    laniin.e    and    nee<lk\'>,  having  a  slightly  sweet  and 
slrin^ent  ta#ite.   These  crystahH,  when  gently  ignited,  leave  red-lead,  wluch, 
nt  a  higher  temperature  is  converted  into  the  yellow  protoxide.    (Ber- 
eliuB,  Pogg.  19,  312.)     At  lOu'  they  lose  hut  little  water,  not  giving  off 
Ihe  whole  till  heated  to  between  UjO"  and  \d^\  and  slowly  even  then. 
Lt  200    the  salt  turns  yellow  and  gives  off  red  vapours,  (Pelouzc.) — 
[Carbonic  acid  robs  it  of  half  its  lead-oxide.   {ChevreuL)     It  ia  hut  very 
'ilightly  soluble  in  cold  water,  much  more  soluble  in  hot  water.  (Berzelius, 
Pelouze.) 

Caieutoihn  1.  Berzelius.  ChevreuL 

2PbO  » 221       ,..       80*58         80j         ......         «0'H 

NO* ......;         54       ...       19-42         19-5         19'86 


2PbO,NO*  ,„,..       278 


2P1>0 

NO*  .. 
HO  .. 


100-00 


100^0 


Calculaiion  2. 
224       ...       78*05 
54       ....       1S'81 
9       ...         3  14 


„        100-00 

FclOttZG, 

78-0 
19*0 
31 


2PbO,NO*  +  Aq 287 


100-00 


lOO'l 


Iccording  to  Beraeliua  and  Chevreul,  the  crystals  are  anhydrous,  or  at 
St  contain  nothing  but  water  of  decrepitation,  which  escapes  with, 
riolence  when  they  are  heated;  bat  according  to  Person  andPelouze,  they 
[>ntain  1  atom  of  crystallization-water. 

d,  MononU I  a k'.-^W anil  dilute  nitric  acid  dfssolyes  lead  but  slowly, 
'with  evolution  of  nitrous  gas;  the  same  compound  is  obtained  by  dissolv- 
mg  the  oxide, — The  salt  belongs  to  the  regular  system.  Fig.  I,  2,  4,  13, 
and  20;  also  in  made  cryst'ds,  like  those  of  «pinelle.  {Haidinger,  £dinb. 
J,  of  Sc.  1,  102;  Wackernagel,  KaUn.  Arch.  5,  2^5.)  Spccitic  gravity, 
4*3998.  (Karsten.)  The  crystals  exhibit  a  conclioi<lmb  not  a  himinar 
fractare;  they  are  harder  than  aUim,  white,  with  a  waxy  lustre.  (Hai- 
dinger.) 

Dobereincr.     Svmiberg.         Brrxelius.      Chevreul. 

PbO 112     .,-,     67*4     .,„     67'6     ....     67--403     ,.„     67*2225     ....     67 

N0» M      ...     32*G     ...     32-4     ....     32'5!)7     ..,     ;^27;75      ,..     33 

PbO,NO* ,,     166     „..  1000     ...100-0     ...100-000     ....  lOOOOOO     ....100 

The  salt  decrepitates  at  a  red  heat,  giving  off  oxygen  gas  and  hypo- 
nitric  acid,  and  leaving  protoxide  of  lead.     When  it  is  ignited  In  a  sdver 
crucible,  not  sufficiently  to  decompose  it,  but  till  it  becomes  covered  with 
a  metallic  film^  and  the  mass  when  cool  m  boiled  with  water,  the  Jiltmt0,| 
after  cooling,  deposits   dinitrate  of  lead-oxide,  and  ll\e  m^)tVv^v:-Y\'^\4 
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•when  eraporated  deposits  tnetallie  lead,  while  nitrate  of  lead-oxidt 
remams  in  aohition.  (Hess,  /%</*  t2,  202,)  Detonates  with  brtlliatif 
gparks  when  thrown  on  red-hot  coals ;  slightly  when  triturated  with 
Bulpfmr.  The  intlammabilitj  of  tinder,  blotting  paper,  &c,,  is  greatly 
increased  by  soaking  theiii  in  a  dilBto  solution  of  this  salt. — It  is  perma- 
nent in  the  air:  dis-solves  in  water  producing  a  great  degree  of  cold.  (H* 
Roae.)  One  part  of  the  salt  dissolves  in  1-989  parts  of  wat«r  at  17*5% 
forming  a  liqnid  of  specific  gravity  1*3978  (Karsten),  in  1*707  water  at 
22-3";  and  1'585  water  at  247*^.  (Kopp.J  The  specific  gravity  of  a 
jsolution  saturated  at  8^  is  1*372.  (AnLhon.)  Nitric  acid  precipitates  ibo 
salt  from  it«  aqueona  solution.  (Brnconnot.  Artji.  Chim,  Phtfs,  52,  288.) 
Insolnhle  in  alcohol.  When  present  in  excess,  it  exhibits  a  tendency  to 
combine  with  the  insoluble  lead-salt  formed  by  precipitation.  (Berzelius,) 

B,  Boro7iitnde  of  LeadA — Cyanide  of  lead  ignited  with  lM>raciC 
acid  in  the  manner  described  (II L  70)  yields  a  mass,  which,  after  wash- 
ing, giyee  off  ammonia  when  treated  with  hydrate  of  potash. 

E.  pHospnomxRATE  OP   Lead-oxtde. — On  pouring  pho.^^:  \ 

into  an  aqueoos  solution  of  lead-nitrate,  or  evaporating  asolnh  id- 

phfisphatc  in  nitric  acid,  crystaliinc  grains  are  separated,  which  may  bo 
dried  by  pressure  between  bibulous  paper :  they  contain  2  atoms  of 
monophoepliiite  of  lead-oxide  combined  with  1  atom  of  nitrate;  antl^wheD 
heated,  are  converted,  with  evolution  of  nitrous  acid  vapmirs,  into  triphos- 
phate of  lead-oxide.  Cold  water  extracts  a  small  quantity  of  the  nitrate 
contained  in  these  crystals,  and  boiling  water  nearly  the  whole.  (Ber- 
xeliui^.  Ann,  Chim,  I-hya.  2,  161.)  A  solution  of  lead-phosphate  in  warm 
nitric  acid  depositSt  on  cording^  pure  nitrate  of  lea<l-oxide  cryMalliii^d  in 
octohedrons  elongated  into  four-sided  prisms.  (Dujardin,  J,  pr,  ChML 
15,  809.) 

IT  F.  A zopnospHATE  op  Lead-oxidb. — 3PbO,P'NO* -f  5 Aq. — Formed 
by  adding  a  soluble  lead-salt  to  a  neutral  aqneous  solution  of  the  salts 
obtained  by  treating  chlorophosphide  of  nitrogen  (11.474)  with  alcohol 
and  ammonia. — White  gninular  powder,  which  is  decomposed  by  am- 
monia.— ^Whcn  heuled  it  is  decomposed  in  a  similar  manner  to  the 
iron-adt  (q.  v.)    (Gladstone,  Chc^u  Cioc,  Qu.  J,  111.  149.)  If 

O*  Nitrate  op  L8A0-oxix»b  with  FttoRmn  of  Lead.— FlaoHde  rf 
lead  precipitated  from  a  solution  of  the  nitrate  by  flooridi*  of  fodlimi 
contains  nitrate  of  lead  in  a  state  of  admixture,  aiitl  dilhc  ult  to  n*nioyf 
by  water,  (Berzetius.) 

H.  Plimbitk  up  A.MMCJNIA.— 1  part  of  litharge  diasolres  bydig«tiiiD 
in  0  jiart*  of  an  aqueous  solution  of  caustic  ammonia  or  carlfonato  of 
ammonia,  forming  a  deep  yellow,  non-eryj^tallixaMo  liquid.  (Karstwk) 
The  solution  is  turbid.  (WitUtoia,  Mepert,  63,  329.) 

I.  HyrosuLpniTK  of  Leau-oxide  and  Ammonia. — Fom  !  '  n«- 
»olvlug  hyposiil|djile  of  lend-oxide  in  a  moderately  strong  of 

hyposulphite  of  ammonia — the  mixture  being  shaken  and  gently  Lc4tf4 
^'^ttiid  leaving  the  »uluti<.m  to  erystalJixo  by  evaporation  in  llie  uir.  At  % 
boiling  heat,  sulphide  uf  leaid  would  be  precipitated;  a  small  quantity  of 
thia  compound  lb  formed  even  during  spontaneous  evaporation.  ^Tran^ 
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pmni  and  eolonrleas  crystals  belonging  to  the  right  prismatic  system. 
Fig.  55  nearly;  u  :  t/=104°;  %  :  <=104°,  5tf. — Dissolves  easily  and  com- 
pletely in  cold  water.  The  solution^  after  standing  for  a  few  minutes,  or 
more  qaickly  if  heated,  deposits  byposalphite  of  lead-oxide  in  spangles^ 
which,  if  heat  has  been  applied,  are  mixed  with  sulphide  of  lead;  sul- 
phates added  to  the  solution  do  not  produce  an  immediate  turbidity. 
(Rammelsberg,  Fogg.  56,  312.) 


PbO  .. 
3SW.. 
5HO  . 


Crytiallized. 

Rammelsberg. 

34       ....       1015 

9-79 

112       ....       33-43 

34-45 

144       ....       42*99 

45       ....       13-43 

2(NH<0,S«02)  +  PbO,S*02  +  3Aq.       335      ....     100-00 

K.  Sulphate  of  Lead-oxide  and  Ammonia. — Sulphate  of  lead- 
oxide  dissolves  abundantly  in  hot  aqueous  sulphate  of  ammonia,  in  con- 
sequence of  the  formation  of  a  double  salt,  which,  however,  separates  on 
cooling.  The  compound  may  be  prepared  by  precipitating  a  moderately 
strong  solution  of  lead-acetate  with  dilute  sulphuric  acid  in  excess — 
Deutralizing  with  ammonia— heating  nearly  to  the  boiling  point  till  the 
precipitate  is  completely  re-dissolved — and  leaving  the  solution  to  crys- 
tailixe  by  cooling.  If  the  precipitate  does  not  re-dissolve  completelyi 
more  sulphate  of  ammonia  must  be  added.  If  no  crystals  separate  on 
eoolinKy  the  liquid  must  be  heated  again,  and  sulphuric  acid  added  till 
torbidity  begins  to  show  itself.  The  double  salt  appears  to  form  with 
peculiar  facility  in  a  liquid  containing  a  large  quantity  of  acetate  of 
ammonia. — Small,  transparent,  and  colourless  crystals. — The  salt,  when 
ignited,  yields  a  sublimate  of  sulphite  of  ammonia,  and  a  residue  of  69*8 
per  cent,  of  lead  sulphate.  In  water  the  crystals  immediately  become 
milk-white,  the  water  dissolving  out  the  sulphate  of  ammonia  and,  after 
boilings  leaving  69*2  per  cent,  of  lead-sulphate.  (W5hler  &  Litton,  Anm 
Pkarm.  43,  126.) 

Litton. 

NH*0,S03 66      ....      30-28        30-3 

PbO,SO« 152       ....       69-72        6y-8 

NH*0,S03+  PbO,S03~~2i8      ....     100^        ~.       loO-F' 

L.  Ammoni6 -IODIDE  OF  Lead. — 100  parts  of  iodide  of  lead  absorb 
7*19  parts  (1  At.)  of  ammonia. — The  white  compound,  when  exposed  to 
the  air,  gives  off  the  whole  of  its  ammonia.  Under  water,  it  remains 
white,  but  is  decomposed  into  hydriodatc  of  ammonia  which  dissolves, 
and  protoxide  of  lead  mixed  with  a  small  quantity  of  iodide.  (Rammels- 
berg, Pogg.  48,  166.) — Iodide  of  lead  immersed  in  dilute  ammonia  turns 
whitish,  and,  in  a  few  days,  is  converted  into  a  white  magma,  which  may 
1)6  dried  in  the  air  without  decomposition,  but,  when  heated,  is  resolved 
into  ammoniacal  gas  and  iodide  of  lead.  (Laboure,  iV.  J.  Fharm,  4, 
328.) 

M.  Iodide  op  Lead  and  Ammonium. — Hydriodate  of  ammonia  in 
Ckoess  forms  with  nitrate  of  lead  oxide  a  white  precipitate,  which  is 
<Iecompo8ed  by  a  large  quantity  of  water.  (P.  Boullay.) 

N,  Amxonio-chloride  op  Lead. — 100  parts  of  chloride  of  lead 
dworb  rery  slowly  and  with  slight  intumescence,  9 '31  parts  (|  At.)  of 
unnoiuaailgas.  (H.  Rose,  Fogg.  20,  157.) 
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0.  Chloride  of  L^ad  and  Ammoniuw, — a.  Becquerel  obtmned  tkk 

compound  crystalliM-d  in  needles  by  galvanic  action  !  (I,  40L) — A.  All 
aqueous  mixture  of  eliloridc  of  lead  and  eal-ammouiac  ia  not  prccipiuted 
by  sulpiiuric  acid.  (Tbenard,) 


Lead  and  Potassium. 

'^  A*  Alloy  op  Lead  and  Potassium. — 4  volumes  of  lead-filings  com- 
bine at  the  inelling  point  of  lead  with  1  volume  of  ])otHS9ium,  formin)^  & 
brittle,  easily  fuatble  alloy,  which  exhibits  a  finegrained  fractnre  and 
efiervcsces  strongly  with  water,  but  .still  more  with  ut|iieou8  acids.  (Gay- 
Lussac  &  TluHiard.)^ — By  reducing  100  parts  of  le;wl-oxide  at  a  strong  red 
heat  witli  100  parts  ot  thoroughly  burnt  or  GO  parts  of  partially  bamt 
tartar,  a  grey,  brittle  lead  13  obtained,  which  has  a  fibrous  texture  and 
n  I  kali  no  tuetCj  and,  according  to  Vauqueliu  {SchuK  21,  222),  does  nol 
eflervesce  with  water;  riccording  to  Serulla^^  however  {,inn,  Chim*  Pkj^ 
21,  200),  it  etiervesces  i^lowly. 

B.  Plum  BITE  of  Potash. — Protoxide  of  Lead  teith  Pota/Ji, — Litharge 

dissolves  in  hot  potash-ley,  forming  a  yellow  li;|aid  whicb  doe4  not 
crystal lixe;  carbonate  of  potash  aets  in  a  similar  manner  (Kar^ten,  Scker, 
J,  5,  575.) — When  white  lead  is  boiled  with  potash  lev,  a  colourieii 
solution  is  obtained;  and  thia  solution,  on  cooling,  yields  small,  silver- 
white,  crystalline  scales  which  acquire  a  grey  tarnitsh  by  exposure  to  the 
air;  The  remaining  li-|uid  forin6,  on  evaporation,  a  brownish- red,  scdjp 
Hhinirig  mass,  which  re-di.ssidvea  in  water,  with  the  exception  of  a  ftw 
shining  scarlet  scalos.  Metallic  lead  is  precipjtjjted  from  the  soluiioo  ky 
phosphorus  and  zinc^  bat  not  by  iron.  Tin  immersed  in  a  solution  of 
plumbite  of  potasbj  throw^e  down  nil  the  lead:  a  case  of  reciprocal  ftflinity. 
(Fischer,  Pog<;.  d,  263.) 

C,  Plum  hate  op  Potash. — Peroxide  of  Lead  with  Potash, — Formed  by 
fusing  peroxide  of  lead  with  excess  of  potash-liydmto  in  n  silver  crucibk, 
dissolving  in  water,  and  evaporating;  the  com}iound  is  then  obtaineil  in 
definite  cryst^ds.  It  mny  likewise  l>c  ftume^l  by  fusing  pota$>h-hvdril0 
with  the  yellow  protoxide,  which  ia  then  converted  into  the  peroxide  fcj 
absorbing  oxygen  from  the  air* — This  ^alt  dissolves  without  decompott* 
tion  in  caustic  potash,  but,  in  contact  with  pure  water,  it  turns  red  ami  if 
resolved  into  aqtieou!)  potash  and  precipitated  peroxide  of  lead.  (Freoij, 
N,  J.  Pharm.  3,  02.) 

I>.  HYrosuLPiitTE  OP  Lead-ox  IDE  and  Potash. — Fortn^  by  dissolr* 

ing  hyposulphite  of  lead-oxide,  with  a^ntation,  in  warm  aqueous  liyp6- 
sulphite  of  pt.taah,  and  leaving  tbe  solution  to  crystallize  by  coolJdg.  If 
the  liquid  is  tolerably  ci^ncentratcd,  it  solidifies  in  a  white  maw,  bjtlM 
formation  of  extremely  delicate,  t^ilky  needle^^^  which  mu^t  Inn  prctpiwl  In 
free  them  from  the  mother-liquid,  that  liquid  always  containitig  m  1  ^^ 
quantity  of  free  potu^b-satt. — The  double  eaU,  wbou  heated  out  of 
tact  of  air,  give«9  ofl'  tjulphunKis  acid  and  sulphur,  and  leaved  a  l^ 
amounting  to  77  3U  |)ercent.,  and  cont^tstiug  of  sulphide  of  |j<ita»ii 
sulphate  of  potash,  euiphtde  of  lead,  and  6ulphato  of  tcad-oxido.  It  '^ 
solves  in  water,  with  partial  reparation  of  hypo&ulphite  of  Irad-oxide  ii 
shining  span^los.     The  solution  is  not  clouded  by  sulphates,  and  aAct 
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some  time  only,  by  sdpliiiric  acid,  tlie  precipitate  then  formed  consisting 
of  sulphur  and  sulpbate  of  lead-oxide.  {Rammeltiberg,  Pogg.  56,  310,) 


h 


2KO 
PbO 
3S=0« 
2HO 


CrtfMfaUized, 

Rammebberg 

D4-4     ...     2562 

26-29 

1120     ...     30'^0 

28-97 

1440     ...     3909 

18"0     ...       4-89 

2(KO,S2O0  +  PbO,S202  +  2Aq.      3C8-.i 


100-00 


E.  SuLFiiATE  OF  Lkad-oxtde  AND  PoTASH,  —  Prenpitated  when 
sugar-of-lead  is  mixed  with  sulphate  of  potash.  It  appears  to  contain 
sulphate  of  lead-oxido  and  sulphate  of  potash  in  equal  numbers  of  atoms; 
but  the  long^er  it  is  boiled  with  water,  anil  the  greater  quantity  of  water 
present,  the  greater  is  the  quantity  of  sulphate  of  potash  dissolved  out  of 
it.  (Trommsdorff;  Ttischenb.  1825,  1.) 

F.  Iodide  of  Lead  and  Potassium. — a.  2KI,PbP* — ^Separates  in 
[yellowish,  silky  crystals,  on  pourini^  a  solution   of  lead-nitrate  into  an 

excess  of  concentrated  aqueous  iodiile  of  potiissium. 

BijulLiy. 

2KI    ...„. 330-4       ...       58*9G         C4 

Pbl 2300       ...       iVU         36 


2Kl,PbI 


560-4 


100-00 


100 


h.  2KI,3PbL— 1.  Tlie  mother-liquid  poured  off  from  a  yields  yellow 
prisms  aftpr  a  few  days, — *2.  The  mother-liquid  poured  olFfrom  the  yellow 
prisms  and  mixod  with  alcohol^  deposits  white  crystals  having  a  silky 
lustre. — ^If  water  be  added  lu-ntead  of  alcohol,  yellow  iodido  of  lead  is 
separated  at  first,  hut  it  is  soon  converted  int<j  the  white  salt  b. — 3.  When 
nitrate  of  lead-oxide  is  poured  into  a  less  concentrated  solution  of  iodide 
ofpoiasaium,  a  yellow  precipitate  is  formed,  but  is  soon  converted  into 
white  silky  needles,  which  thicken  the  liquid.  On  heating  the  mixture, 
yellow  iodide  of  lead  is  formed,  which  still  retains  the  form  of  the 
needles,  an<l,  on  cooling,  is  reconverted  into  white  iodide  of  lead  and 
potassium.  (P.  Boullay.) — ^This  salt  is  formed,  together  with  carbonate 
of  lead-oxide,  on  boiling  iodide  of  lead  wkh  a  concentrated  solution  of 
carbonate  of  potash.  (Bcrthomot,  J.  Fharm.  13,  311.)  Becquorel  ob- 
tained it,  by  electrolytic  nctiun,  in  white  silky  needles.  (1,  401.)— The 
Dcedles  are  pcnnanent  in  the  nir.  Wben  heated,  they  turn  yellow*  ^rive 
oif  a  small  quantity  of  water,  and  fuse  into  a  red  li<|uiil,  which,  on  cooling, 
£olidi6es  in  a  yelbiw  nms?.  Pleated  with  sulphuric  acid,  they  deposit,  first 
iodide  of  lead,  and  then  sulphute  of  lead-oxide.  Walcr  sepanites  iodide 
of  lead  from  the  cry.-^tala'.  dissolving  out  the  iodide  of  potassium,  together 
with  a  small  quantity  of  iodide  of  lead,  which,  bowever,  when  a  large 
quantity  of  water  is  used,  does  not  exceed  a  mere  trace,  Cold  alcohol 
hns  no  action  on  the  crystals;  hot  alcohol  leaves  iodide  of  lead  untHssolved 
and  deposits  the  salt  b  on  coolin^f,  iodide  of  potassium  rcmaiuing  in 
aolaiion.  (Boullay,  J,  Pharm,  12,  G39;  also  Aim.  Chun.  Pki/s.  34,  366.) 

2 

The  crystals  (3)  likewise  contain  3  per  cent,  of  water,  (^BouWay,^ 
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2KI   

3PbI  

.    3304     . 
.     690-0     , 

..     32-3fl 
..     67"fi2 

(1) 

30"5     . 
69"3     . 

(2) 
..     31     . 
..     69     . 

(3) 
..     30-25 
..     6y-75 

2KUPbI  .. 

.  1020-4     . 

...  100-00 

*.,       100*0     . 

..  100     . 

..  IflO^OO 
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G,  BROMTbB  OF  Lead  akd  Potassium. — When  concentrated  eolation! 

of  nitrate  of  lf?a4-oxide  an«l  bromide  of  pota^shim,  iho  latter  somewlial  rli 
excess,  arc  inixed,  lillered,  nml  evaporated,  small  octohedronfi  are  pro- 
duced, srduble  witliout  decomposition  in  a  very  eniall  quantity  of  water, 
but  tlecomposed  by  a  larger  quantity,  with  separation  of  bromide  of  lead« 
(Lowig.) 

Cryitialliftd.  USvi^.                 Or ; 

K,... 3»'2     ..,     non  ..,  12*90  KBr   lir*e     ...     »9'2 

Fb    1040     ..,     3I-6G  ...  36-38  PbBr 182*4     ...     WhS 

2Br 15ft'8     ...     fi2-2C  ...  50  72                                                            _ 

KBr,PbBr       3000     .„   10000       ,..      lOO'OO  tWH     ...  H^TI  ~ 


Lead  and  Sodiitm, 

A.  Ahu^Y  OF  Lead  akd  SonirM. — 4  volonies  of  lend-filinjsff 
with  1  volume  df  so^liora  to  the  meltiDg  point  of  lead,  fuse  with  evoliitierti 
of  hcat^  but  not  of  lijerhtt  and  form  a  bluish-grey,  sli^htfT  fxtensiWe» 
fiuR  griiitjed  alloy,  which  melts  at  the  same  temperature  as  lead,  oxtditci 
in  the  air,  and  eflerve.seea  slightly  iu  water,  hut  strongly  in  nqoeow 
aeid.s. — 3  volumes  of  lead-filings  form,  with  1  volume  of  sodium,  a  brittle^ 
easily  oxidahle  alloy.  (  Gny-Lii8^c  ik  Th^nard.)  An  alloy  mmfmleo  he 
formed  by  igniting  lead  with  charred  soap, 

B.  PLt:>iniTE  OP  Soda,  —  Litharge  diasolres  in  a  boilmg  aaoeoni 
8oluti<in  of  canslic  Boda  or  carbonate  of  5oda,  forming  a  jretlow  fi%tti<L 

(Karsten.) 

C.  Plumbate  of  Soda* — Analogous  to  plumhate  of  potask  (Fremjr*) 

D.  Carbonate  op  Lead-oxide  and  Soda.  ^  When  nitnit**  of  !fwt 

oxide  is  precipitated   by  carbonate  of  soda,  the  precipitate  y*  il 

alkaline  licjuid,  and  afterwards  washed  and  dried  at  \Hi}\  thi-  i 
evolves,  on  i^^-nition,   ISIS.**  percent,  of  carbonic  acid,  and   is  th 
oompo.-ed  of  NaO,CO'-h4(PhO,CO-).-^{Bcrzeliu9,  Pojf^,  47,  Hll>.)' 

E.  Sllphide  of  Lead  and  SuDiti^r.  —  20  partt  of  Ifud-jniliilisis 

heated  to  whiteness  in  a  churcortl  crticihlo  with  10  part*  of  dry  isulphaie 
of  s(>da,  yield  3"3  parts  of  metallic  lead,  and  in  parts  of  a  mctjinie  Mb 
phide  containing  from  20  to  *25  [*er  cent,  of  j^ulphide  of  soil i urn.  Sulphidt 
of  lead  and  sodium  is  a  shining,  lead-grey,  brittle  suhstauce.  exhtbiting  ■ 
close  fracture.  Water  dissolves  out  the  sulphide  of  sodium  from  it,  m 
leaves  a  compound  of  one  atom  of  sulphur  with  more  than  o^c  alam  €l 
lead.  (Berthier,  Attn.  Chun.  Phyt.  22,  215.) 

F.  Hypo&ttpntTB  op  Lead-oxide  and  Soda. —  Fornietl  liy  wUJmg 
acetate  of  lead  oxido  to  n(|neous  hyposulphite  of  soda,  as  Too^  ai  lb 
preeipitiited  hyposulpliite  of  len«Loxide  re-dissolves  oil  agltatioB**Mfcilii* 
tating  the  do*uble  m\x  from  the  filtriitc  witb  alcohol — and  waftliifi^  lU 
precipit]tt«  with  ftl^f^hof.  It  may  aW>  bo  obtained  hy  disA^^Wfiig  eUiifMi 
of  lead  in  hyj  of  tuAvk. — The  precipitate  become*  cryilriliOf 
after  awhile,  h  -  s  sparingly  in  water,  but  very  fnwlj  in  i^nnf 
acetate  of  ooda.  (Leux^  A^m,  Phnnn.  40,  UN)  It  resembles  the  P'^^'^ 
mmIi  Id  eftff  rc8p9ct.  (Rammelsbcrg,  Po^g.  ^%  iUL) 
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2NaO..... 

62-4     . 

.       1120     . 

1440     . 

..     19«0 
..     3518 
..     45-22 

Lenz. 
19-09 

PbO    

Z9Cfi 

35-84 
4611 

i(NaO,S»t 

3»)  +  PbO,820« 

318-4     . 

..  10000 

101-04 

G.  Sulphate  op  Lead-oxide  and  SotfA.— Sdlpliate  of  lefcd-ixide  aid 
sulphate  of  soda  in  equal  numbers  of  atoms  fuse  at  a  red  heat,  forming  a 
liquid  as  thin  as  water,  and  jield,  on  cooling,  an  opaque  mass,  having  an 
uneven,  non-crystalline  fractUr^.  (Berthier,  Anti.  Chim.  Phys,  38,  256.) 

H.  Iodid:b  op  Lead  and  Sodium.— Becqnerel  obtained  this,  compound^ 
bj  the  electrolytic  method^  in  needles  having  a  silky  lustre.  (I,  401.) 

I.  Bromide  op  LAad  and  So'DitrM.-^May  be  prepared  in  the  same 
way  as  the  potassium  compound.  Crystallizes  in  prisms.  Decomposible 
by  Alitor.  (Ldwig.) 

E.  Chloridb  o*  Lead  akd  Sodium.— Obtained  by  Becqnerel  m 
tetrahedrons,  by  the  electrolytic  methdd.  (I,  401.) 


Lead  and  Barium. 

A.  Plumbite  op  Baryta. — Boiling  baryta-water  forms  with  lead- 
Otid^  a  deep  yell6#  solution,  which,  on  eraporation,  leaves  its  twcT  coAsti- 
ttoits  separate  [in  the  fo^m  of  carbonates  ? J.  (Karsten .) 

B.  Sulphide  op  Lead  and  Barium. — 15  parts  of  sulphide  of  lead 
heated  to  whiteness  in  a  charcoal  crucible  with  15  ptfrts  of  sulphate  of 
bi^yta  yield  17  p?  rts  of  sulphide  of  lead  and  barium,  sulphide  of  lead 
being  sublimed  and  a  small  quantity  of  metallic  lead  reduced. — This  com- 
pound is  of  a  dingy  red  colour,  without  metallic  lustre,  and  of  shining 
laminar  fracture.  Wate^  extracts  the  sulphide  of  barium  and  leaves  10 
per  cent,  of  sulphide  of  lead.  (Berthier.) — When  sulphide  of  lead  and 
sulphide  of  barium,  in  equal  numbers  of  atoms,  are  heated  to  whiteness  in 
a  coarcoal  crucible,  the  greater  part  of  the  lead-sulphide  volatilizes,  and 
there  remains  a  well  fused,  blistered  mixture,  having  a  brown-red  colour 
and  waxy  lustre,  and  yielding  a  red  powder.  (Foumet.) 

C.  Hyposclphite  op  Lead-oxide  and  Baryta. — Hyposulphite  of 
lead-oxide  and  potash,  mixed  with  acetate  of  baryta,  throws  down,  after 
a  few  minutes,  a  precipitate  consisting  of  the  barytic  double  salt.  The 
precipitate,  however,  is  mixed  with  free  hyposulphite  of  baryta,  because 
the  solution  of  the  potassic  double  salt  contains  free  hyposulphite  oi 
potash.  The  digestion  of  hyposulphite  of  baryta  with  water  and  hypo- 
salphite  of  lead-oxide  does  not  form  a  solution.  (Raramelsberg,  Pogg. 
56,  313.) 

D.  Cin.otttDK  0^  Lead  and  SARiu>r.— Obtained  by  tTio  electrolytio 
method  in  crystals  having  a  silky  lustre.  (Becquerel,  L  401.) 
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Lead  and  Stuoxtiux. 

HYPOsuLPniTH  op  Lead-oxide  akd  Strontia, — Hy|>osulphiie  of 
Jca/l-oxido  dissolves  abimdaDtly  in  aqueous  hyposulphite  of  strouiia;  the 
8olutjonj   however,    yields   no   crystah?,   bat   deposits   a   eyrup    on  tie 

addition  of  alcohol,  (Raramelsberg.) 


Lead  and  Calcium. 

A.  Plumbtteof  Lime, — Honted  lime-water  dissolves  lead-oxide^  form* 
ing  a  yeilow  eolutioii^  On  evaporating  the  liquid,  the  pi  urn  bite  of  limf 
crystal iizoa  in  small  spiculse,  whicli  have  a  caustic  taste,  and  are  alightly 
soluble  in  water,  fomiing  a  srdution  which  blackons  wool,  nalLs*  UMi 
horn,  (Karatenj  JScher,  J.  5,  575;  Bertkollct,  Ann.  Chim,  1,  52.) 

B»  Carboxate  op  Lead-oxide  and  Lime* — Plumho^alcite. — Obtiit» 

rhomboliedrons,  Fig.  141 ;  H  :  r*  =  104"*  53'  (Brewster).  Specific  gravity 
2'824.  Softer  than  cale^par;  transparent,  with  a  pearly  lustre. — ^ContaiBs 
92 '2  per  cent,  of  carbonate  of  lime,  7 '8  p.  c.  carbouato  of  lead-oiide,  and 
a  trace  of  ferric  oxide.  Decrepitates  in  theiiro,  and  by  continued  ignition 
acquires  a  brownish  or  rcddiish  colour.  With  carbonato  of  Sfxia  on 
charcoal  before  the  blowpipe,  it  yields  a  white  enamel  but  no  globule*  of 
lead.  (Johnston,  N.  Edlnh,  J,  of  St\  G,  70 i  also  Fa^ff,  25,  312.) 

C.  Hyposulphite  of  Lead-oxii>e  and  Lime. — From  a  solution  of 
hyposulphite  of  lead-oxide  in  aqueous  hyposulphite  of  lime,  which  is  not 
rendered  turhid  by  the  addition  of  sulphates,  alcohol  throws  down  the 
double  Bait  in  white  crystalline  granules,  partially  deeompo&iUle  by 
water,  (Raramelsberg.) 


2CbO  . 

PbO  „ 
38-0=.. 
4 HO  .. 


56  ..«  1609 

112  ....  5218 

144  ,...  41-38 

36  ....  )0'35 


17*00 
3029 


2(Ca0,B*O')  +  Pb0.S*0»  +  4Aq.       348     ....  lOOQO 

D.  PnospiiATE  OF  Lead-oxide  akd  Lime  with  Chloride  op  Lpadi 
— liussieriff,  —  This  mineral  occurs  in  connexion  with  I*yromor|)bile 
(p.  149).  Very  obtuse  rhombohedron 8.  Specific  gravity  5  0415.  Vel* 
lowiftb,  greenish,  or  greyish,  with  a  faiut  waxy  lustre.  After  fusion 
before  the  hlowpipc,  it  solidifies  into  a  whitish,  angular  enamrl,  Fonnt 
a  yellowiali  ghiss  with  horiix.  Disii^olves  readily  and  without  elfi.^rveKeo«c 
in  nitric  acid.  Contiin^*:  PbCI  7*05,— CaO  12  30,— PbO  4«.>«,— 
FeO  2  44,^-<PO*  19  80,— AsO*  4  06,— quarts  7'20  (lcfi«  0  05).  (a  Bm- 
rnol,  Ann,  Chim.  Pkys,  62,  217;  also  J,  pr.  Chan,  10,  10,) 

E.  SuLPfTATE  OF  Leadoxide  WITH  Flitor-spar (1,  Ooe  fttooi  oC 

fluor-spar  with  one  atom  of  lead -sulphate  fuses  very  fsanily  to  a  tbin 
liquid,  which*  on  cooHng,  yields  a  dun^e,  *^pongy  maa%,  of  nneven,  oon- 
cryitalline  fracture. — 1>,  1  At.  tluor-  ]nir  with  2  At.  load-ealpbnti! :  Ftt*c» 
jasi  aa  readily  and  forms  as  thin  a  liquid  as  the  above,  and  yieUU  » 
dense,  yellowish-white,  stony  mags.  — c,  1  At.  fluor>par  witli  J 
lead-sulphate:     Fuso^  Icsji  completely,  and  forms   yellowi^b^  bU^^ 
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kcrmubling,  granular,  but  not  crystalline  mase.^ — d.  1  At.  flnor-epar,  1  At- 
I  lead-sulphate,  and  1  At.  lime  i  This  mixture  yields  ijulpliate  of  lime  and 
tincouibioed  lead-oiide;  fuses  very  easily  to  a  very  thin  liquid,  which, 
[on  couling,  forms  a  paJe-grey,  cryatalline-Ianiinar  nias.s,^ — e.  4  parts  of 
IjBuor'Spar,  ,5  of  heavy-spar,  6  of  ignited  gypsum,  aud  5  of  Icad-sulpliate: 
iTuses  perfectly  at  an  incipient  white  heat  and  forms  a  thin  li<juid. 
[Dense  white  enamel,  having  an  nneveB  fracture.  (Berthter,  Ann.  VMm, 
[j'/ft/s.  43,  298.) 

Lead  and  Aluminuii* 

Phosphate  of  Lead-oxide  with  Hydrate  op  Alumina* — Hydmu% 
Aluminate  of  Lead ^  Flomh^jomme,  Bleigmnmi — Amorphous;  harder  than 
fluor-spar;  of  conehciida!  fracture;  yellowish-brown;  translucent.  When 
heated,  it  decrepitates  atrougly,  gives  off  water,  turns  white^  swells  up, 
and  fuses  partiully  if  urged  by  a  strong  blast.  With  earbonate  of 
soda  on  charcoal,  it  yields  globules  of  lead.  Assumes  a  blue  colour 
when  ignited  with  nitrate  of  cobalt.     Dissolves  in  nitric  acid.  (Berzelius, 

tSchw.  27,  65;  Jahresber,  21^  214;  Dufrenoy,  Ann,  Chim,  Fhyn.  59,  440; 
fclso  J,  pi%  Oftem,  7,  103;  Damour,  Ann,  Mines,  Scr.  3,  17,  191;  also 
J.pr.  Chm.  21,  12fl,) 

Berzeliuf.     Berzeliiia.    Dufrenoy, 
Flomlfgomme,  Muelgott.        Huclgoct,        Kumsistc. 

3PbO 33G'§     ....     38'28     ....     35'10     ....     40*14     ,.»     43-42 

PO^  , 71-4     .,..      8-14     .,..      a-OG    ....  .,..       1-89 

GM*0* ...».».    308-4     ....     35-13     ....     34-32    ,„.     37'00    ....     34-23 

18HO  ...., 162-0    ....     18-45     ....     18*70     ....     18'80     ....     16^4 

C»0  ... ^ ...  „„       0-80 1 

Pe=03   ....  ..„       0"20>  ....       1-80 

MdO     „.. • ,..,.**,..*....*  ....  t..i  J 

PbCI „.  ....  ..,       2*27  SeO^    O'CO     ..,.       2 '11 

j^SQJ    .  ., ....  ....       0-30   80=*     0-20 

|BKAFO»,3HO)  +  3rbO;PO*    877-8     ....  lOO'OO     ....    0973     ....    98^54     ....    97"79 

H  Lead  and  Sili€ium« 

A.  SiLicTDE  OF  Lead. — The  two  motuls  fuse  together  before  the 
blowpipo  and  form  a  malleable  alloy,  which,  when  diasolved  in  acids, 
leaves  a  residue  of  silica.  {BerzeliuSj  Fo^f^,  1,  220.) 

kB.  Silicate  op  Lead-oxide,  or  Lead-silicate* — a.  Silica  fuses  with 
k^l-oxide  to  a  yellow-glass.     Glass  formed  of  equal  parts  of  Icad-oxide 
d  silica  does  not  become  dull  in  tbc  air  of  a  town  (as  from  the  action  of 
vuipburetted  hydrogen,  which  might  form   sulphide  of  lead);  nor  even 
when  3  parts  more  of  lead-oxide  arc  added  to  8  parts  of  the  glass;  but 
lie  tarnishing  takes  place  if  8  parts  of  the  glass  are  fused  with  1  part  of 
otash.  {Faraday,  Fogg.  IS,  568.)     Lead-oxide  attacks  earthen  crucibles 
rheu  fused  in  them. — L  Silico-fluoride  of  lead  yields  with  ammonia  a 
ecipitate  of  lead-siHcate. 

C.  BoRosincATE  OP  Lead-oxide. — 112  parts  of  load-oxide  yield, 
irith  16  parts  of  silica  and  24  of  boraeic  acid  a  yelbjw  glass,  of 
pecific  gravity  6*44,  whieb  fuses  less  easily  than  borate  of  lead-oxide 

128)  but  moi-e  easily  than  flint  gliis^,  aud  is  strongly  taruUbcd  li^ 
[izncrsion  in  hydrosulphuric  acid  g^%  (Faraday.) 
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D.  SiLicoPLDOBiDK  OP  LEiiD. — PbF,SiF', — A  solution  of  leftd-oxido 
JD  bydroHuosUicic  acid  drle^  up  to  a  trauslucetit  gum,  ba-ving  t^e  taste  of 
other  lead-sall5,  and  re-disaolving  perfectly  in  wat<ir.  (Berzelius.) 

E.  Silicate  of  Lead-oxide  and  an  Alkali. — a.  Lt^d-^hn  — 
Lead-oxido  forms,  with  eilicaatid  potash  or  3oda,  a  vitreon  ij 
distinguished  from  other  kinds  of  glass  by  its  greater  den  i»^ 
power,  goftnesa^  and  fusilnlityi  and  has  so  much  the  greater  tendency  to 
necome  tarnit*hed  in  impure  air  with  sulphide  of  lead,  as  it  is  ncber  ia 
lead'Oxrde  and  more  finely  divided.  A  large  quantity  of  lead-oxide 
colours  it  yellow,  and  the  presence  of  metallic  lead  (or  the  subt>xiiie) 
gives  it  a  green  tint;  Flint-glcm,  Maimer  Fhm,  Glazing.  (IIL  3S0^ 
38  K) 

h.  Containing  a  larger  proporti^m  of  potash. — The  aqueous  solation  of 
©olable  glass  (UL  371)  if  agitated  with  lead-oxide,  takes  up  a  portion  of 
that  eubstauce,  slowly  at  ordinary  temperatures,  but  more  quickly  when 
bea^ted,  and  is  thereby  converted  into  a  stiif  jelly,  which,  when  cxpoi«4 
to  the  air)  dries  up  to  an  opalescent  maas.  (Fuchs^  Kastn^  ArcA,  5,  |0].] 

F.  Silicate  of  Zirconia  and  Leaboxide. — a,  2PbO,2Zr0^iO\— 

91*8  parts  (1  At )  of  zircon  fuse  with  224  parts  (2  At,)  of  lead-oxide, 
forming  a  yellow,  translucent,  dense  mass,  having  n  waxy  lustre  aad 
lesembliug  gamboge. — k  PbO,2ZrO,SiO'. — 91*8  pans  (1  At.)  of  iirxjon 
soften  when  lieat^^d  with  112  parts  (1  At.)  of  lead-oxide  and  form  »  stil 
paste,  which  solidifies  in  a  homogeneous,  waxy,  opaque  maas.  Both  theM 
compounds  are  easily  attacked  by  acids.  (Berthier,  Ann,  Chim.  I*hf$. 
$9,  193,) 

Lead  and  Titanium. 

Fluoeide  of  Titanium  and  Lead. — Small  coloujfle«a  orystals,  which 
inflte  eour  at  firet,  but  afterwards  sweet  and  astfiugoni^  and  dissolve 
easily  in  water  without  decomposing.  (Bersselius,  I^oi/g,  4,  5,) 


Lead  and  Tantalum. 

Fluoride  of  Tantalum  AtfD  Lead. — Difficultly^  mlut4l  Ml 

(Berxelius.) 

Lead  and  Tunqsten. 

A.  TiTNGSTiDE  OF  Lead. — Formcd  by  exposing  a  mixturo  of  l^ 
and  tungstic  acid  to  a  very  intense  beat  in  a  charcoal  crucible, — DmA 
brown,  with  a  faint  lustre,  «p*^ugy,  and  very  ductile.  (I>©  Luyait.) 

B.  TtTNGSTATE  OF  Lead-oxide,  or  Lead-tcsostatk,^-*!.  Mm 
tungsiau, — Found  native,  as  SchtcHtine.  Belongt;  to  tbi*  square  pru 
system;  isomorphons  with  tiingstato  of  lime  (Kobell,  Schw.  04,  410)»  %ni 
with  molvbdttto  of  lcad*oxido  (A.  Levy,  Ann.  Phil.  28,  364;  al«o  Fo^. 
8^513);  Figi.  24,  28,32,  3j,  with  truucation  of  the edge«  between  t  aadV; 
f  :  «'=  13r  30';  e  :  «r  =  154  GO '  (Levy).  Cleavi^  parallel  to  « and  «. 
(Brcithaupt.)  Specific  gravity  8*0.  Harder  than  g)'psum.  Culoarleai 
or  brownish-white;  transparent  or  translucent,  with  a  waxy  In 
foaea  before  the  blowpipe,  covering  the  charcoal  with  a  depoait  of  1 
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pzide,  aod,  oii  cooling,  solidifies  in  the  form  of  a  dark  crystalline  globqie. 
With  borax  it  yields  a  colourless  glass  in  the  outer  flame,  ana  in  the 
inner,  ^  yellowish  glass,  which  becomes  grey  and  opaaue  oi^  cooling;  if 
the  fusion  with  borax  be  continued  for  a  longer  time,  lead  is  volatilized, 
and  a  clear  dark-red  glass  is  formed*  With  microcosm ic  salt,  this 
iQin^r^)  forms  a  colourless  glass  in  the  outer  flame,  and  a  blue  glass  in 
the  inner.  With  carbonate  of  soda  on  charcoal,  it  yields  globules  of 
lead.     Dissolves  in  nitric  acidi  with  separation  of  yellow  tungstic  acid. 

When  a  lead-salt  is  precipitated  with  monotungstate  of  potash,  ^ 
white  anhydrous  powder  is  obtained,  which  when  heated,  first  turns  grey 
and  then  yellowish,  fuses  at  a  red  heat,  and  solidifies  in  a  crystalline 
mass  on  cooling.  Insoluble  in  water  and  cold  nitric  acid,  but  soluble  in 
caustic  potash.  (Anthon,  J.pr.  Chem,  9,  342.) 

b.  £itung$tat€, — Formed  by  precipitating  nitrate  of  lead-oxide  with 
bitungstate  of  ammonia. — White  powder,  insoluble  in  water.  (Berzelius.) 


PbO  

Monotungstate. 

.       112     ....     48-28 

120     ....     51-72       

Lainpadius.        Anthon. 
native.            artificial. 
.       48-25       ....       48-4 
51-75       ....       51-6 

wo» 

PbO.WC 

232     ....  10000      

Bitungstate. 

112       ....       31-8 

240       ....       68-2 

.     100*00       ....     lOO'O 

PbO 

2W0»  

Berzelius. 

28-58 

71-42 

PbO,2W03 

352       ....     1000 

10000 

D.  SuLPHOTUNOSTATE  OP  Lead, — PbS,  WS^  By  mixing  sulpho- 
tungstate  of  potassium  with  a  lead-salt.  Dark  brown  precipitate,  almost 
bJacK  when  collected.  If  a  lead-salt  be  precipitated  by  the  compound 
of  snlphotungstate  of  potassium  with  tungstate  of  potash  (IV,  40),  the 
If^oliing  precipitate  is  of  a  dingy  yellow  colour.  (Berzelius.) 

Lead  and  Molybdenum. 

MoLYBDiDE  OP  Lead. — Lead  alloyed  with  a  small  quantity  of 
molybdenum  is  whiter  than  pure  lead,  hard,  and  somewhat  malleable; 
with  a  larger  quantity  of  molybdenum  it  forms  a  black,  brittle  mass. 
(Hjelm.) 

B.  MoLYBDATE  OF  Lead-oxide,  or  Lead-molybdate. — Occurs  in  the 
form  of  Yellow  Lead-ore,  Melinose  {Gelbhleierz).  Prepared  artificially  by 
precipitating  nitrate  of  lead-oxide  with  monomolybdate  of  ammonia.  The 
native  variety  belongs  to  ihe  square  prismatic  system.  Figs.  23,  24,  25, 
27*,  28,  33,  and  other  forms,  e  :  ^'=76°  40';  e  :  (?'=:128°;  p  :  €=141°  40'; 
e  :  r=128"  20  ;  p  :  a=140^  1'.  Cleavage  parallel  to  p,  e,  and  r.  (Hauy.) 
Specific  gravity=6-76.  (Mohs.)  Harder  than  gynsum;  yellow,  trans- 
lucent, with  a  waxy  lustre.  Decrepitates  strongly  when  heated  and 
assumes  a  darker  colour,  which,  however,  disappears  on  cooling;  fuses  to 
a  yellow  mass.  When  fused  upon  charcoal  before  the  blowpipe,  it  sinks 
into  the  charcoal,  leaving  globules  of  lead,  while  the  charcoal  becomes 
impregnated  with  molybdenum  and  molybdide  of  lead.  It  dissolves  in 
carbon^ita  of  soda^  and  with  that  substance  sinks  into  the  charcoal;  leaving 
*  In  fig.  27,  read  a  instead  of  c. 
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globules.  Bifisolyes  caailj  in  Uorax;  the  glass  fonneil  in  the  outer  nlli 
ia  sligbtly  colotired,  atid  tliat  obtained  in  tbe  inner  flamo  is  clear  wltUc 
liot,  but  in  cooling  euddenly  becomes  dark  aud  opaque,  l>issolvesi  readily 
in  microcosmic  saltj  forming  a  gla^s  wbicb  is  greeu  if  the  quaDtity  of 
mineral  dissolved  in  it  ia  small,  but  black  and  opaoue  if  the  quantitj  i$ 
larger.  (Berstelius'.)  Bipsohes  in  heated  nitric  acid,  with  sepaxstioQ  of 
yellowish- white  nitrate  of  molybdic  acid.  It  is  decomposed  by  sulphisric 
acid.  Strong  bydrocblorie  acid  dissolves  it,  producing  a  ^s^ca  solution, 
and  forming  chloride  of  lead,  which  separates  more  completely  on  the 
addition  of  alcohol     Soluble  in  caustic  potash,  but  not  in  water, 

H&tchett      Gobel         MeEiug.        KUproth,     BerzdioJL 


PtiO  112  . 

MoCP     ...     72  . 
Fe=0*    .... 

..  60*87 
..  3(I"13 
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....     38     .. 
.,.       3 
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..     99'5     . 
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According  to  Rammclsherg,  the  native  molybdate  of  lead-oxide  fro© 
Bleiherg  appears  to  contain  a  small  quantity  of  vanadiate.  The  red* 
coloured  molybdate  from  Retxbanya  was  declared  by  Johnston  {Fhil. 
Mag,  J,  12,  387)  lobe  chromate  of  lead-oxide;  and  since,  according  to 
Brooke^s  statement,  it  exhibited  the  crystalline  form  of  the  molybdate, 
Johnston  concluded  that  ch  rum  ate  of  lead- oxide  nius^t  be  dimorphoiui 
According  to  G.  Rose,  however  (f*^»*jf7*  4*1,  63il),  tlie  red  ore  in  question  ll 
molybdate  of  lead-oxide,  with  which  perhaps  a  small  quantity  of  chw- 
mate  nmy  be  mixed.  If  this  be  the  case,  the  dimorphism  mentioned 
at  pago  102,  vol.  T,  does  not  exist.  Bouseingault  (Ann,  Chim,  Fkjfi^ 
45,  326)  examined  an  impure  ore  from  Pamplona  containing  exoe«  of 
lead-oxide. 

G.  ScTLPHOMOLYBDATE    OF    L£AP.  —  Black    precipitate,    remaijiiiig 

black  even  when  dry,  and  producing  a  lead-grey  streak. 

D.  Pebsulphomoltbdate  of  LEAn,— Dark-red  powder*  (Berxelius.) 


Lead  and  Vanadium. 

Yanadiate  of  Lead-oxidk,  or  Lead- vanadiate. — a,  Monamnmditti* 

— Formed  by  precipitating  nitrate  of  lead-oxide  with  an  alkaline  nei^ 
vanadiate.  Also  by  precipitating  sngar-oMead  with  an  alkaline  hivana- 
diate,  in  which  case  acetic  acid  i**  set  free  in  the  liquid.  The  precipitate^ 
which  is  yellow  at  first,  becomes  white  and  less  bulky  in  the  course  of  24 
hours.  It  fuses  easily,  forming  a  reddtc^hyeltow  liquid,  and  on  eooUt^ 
BolidifieB  in  a  yellow  mass.  It  is  decomposed  by  fusion  with  bisalphaie 
of  potash;  not  quite  completely  by  oil  of  vitriol;  neither  is  it  decompoaei 
by  boiling  witli  carbonate  of  potash.  Dissolves  sligbtly  lu  water  foroUDf 
a  yellow  solution;  and  is  easily  soluble  in  slightly  wanned  nitric  acj4 
even  when  dilute.  The  solution  in  strong  nitric  ncid,  when  heatcil  totbe 
tM>iliug  point,  depofiils  a  brown  powder  containing  oxide  of  lead  irith  a 
large  excess  of  vanadie  acid.  (Ber;telius,) 

b.  Bivuhudiate, —  Nitrate  of  Icad^xide  funns  with  biranaJiate  ef 
pota«h,  an  orange-yellow  precipitate,  which  fuses  readily,  and.on  eoe&i^ 
cryAtallfzcs  in  a  red  mail's.  Gives  up  half  \U  acid  to  boilin  .  '  nale  «f 
potash,     slightly  soluble  in  water,  to  whicb  It  imp&rUi  a  .^lonr. 

(Bencliui.) 
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Vanadiie. — Ore  from  BeresoiiK  Regiilar  six-sided  prisms.  Somo- 
[timea  one  part  of  such  a  priaTn  eonsista  of  brown  Vanadite  and  tlie  other 
I  of  Pyromorphite,  a  stnii-turtj  wliicli  would  Kceni  to  indicate  isomorphitTii, 
i^t»re  it  not  lliat  vanadic  acid  and  pliosphoric  acid  do  not  agree  in 
litoYcbioinetnc  cojupoeition,  Brown^  witli  a  strong  In^tro.  Decrcnitates 
Iftronglj^  and  fuses  on  charcoal  to  a  head  which  yields  metallic  lead,  with 
[emission  of  sparks ,  and  forms  a  yellow  film  on  tke  charcoal.  The  golu- 
]  tion  of  the  mineral  in  microcosmic  salt  yields  in  the  outer  flame  a  reddish- 
lycllow  glasSj  which  hecoines  yellowish-green  on  cooling, — aiid  ia  the 
]mner  flame  a  glass  which  exliihits  the  beautiful  green  of  chromiiini. 
IDisaolves  e^ly  in  nitric  acid,  and  nitrate  of  silver  throws  down  a 
tlarge  quantity  of  chloride  of  silver  from  the  Kolution.  The  ore  from 
\ZinKrpan  behaves  in  a  similar  manner.  (G.  Rose,  Pot/g,  29,  455.) — Ore 
ifroi/i  Wanlock/iead,  Specific  gravity  6'9i)  ...7'23,  Colour  varying  from 
Tyellow  to  brown;  opaque  with  a  waxy  lustre.  Decrepitates  when  ignited 
wad  assumes  a  red  colour  which  again  becomes  yellow  on  cooling.  If 
kept  in  a  state  of  fusion  for  a  short  time  only,  it  solidifies  in  a  yellow 
mass;  but  by  longer  fusion  it  i«  converted  Into  a  spongy,  steel-grej  maj^, 

t  which,  when  ignited  upon  charcoal,  immediately  yields  globules  of  lead, 
i*n^es  readily  upon  charcoal,  exhaling  an  odour  of  arsenic,  yiehk  glolmlea 
of  lead,  and  after  fusion  for  some  time  in  the  inner  flame,  likewise  yields 

»a  steel-grey,  very  fusible  ^lag,  which  exhibits  the  reactions  of  chromium. 
When  treated  with  nitric  acitl,  it  first  yields  up  the  lead-oxide,  so  that 
the  fragments  become  covered  with  a  red  coating  of  vanadic  acid,  which 
ii  afterwards  likewise  dissolved  and  imparts  a  yellow  colour  to  the  lit^u id. 
With  hydrnehloric  or  sulphuric  acid  it  forms  a  green  solution,  chloride  of 
lead  or  sulphate  of  lead-oxide  being  separated.  (Johnston^  N,  Ed,  J,  of  Be, 
5,  166;  aXsoSchw.  63,  110*) 
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LE.iD  AND  Chromium. 

Cbaomate   op    Lead-oxide,   or   Lead-chromate. — a.   DkhoTmite, 

td, — 1.  Formed  by  boil  in  ^^^  the  pulverized  monoehroniate  with 

►  potafih-ley  (Grouvelle),  or  with  water  and  carbonate  of  lead-oxide 
(Dulong),  or  with  |  pt.  lead-oxide  and  water  (Badams,  Ann.  PhiL  2;),  303  j 
tlso  Pogg.  3,  221):  or  l>y  boiling  it  for  some  time  with  monochromnte  of 
potash,  which  is  thereby  converted  into  the  bichrouiato.  {Berzelius,)^'2,  By 
Doiling  lead-oxide  or  its  carbonate  with  an  aqucouij  solution  of  niono- 
ctromate  of  pobish.  (Dulong,  Sdiw.  5,  384.) — 3.  By  mixing  a  solution  of 
lead-oxide  in  caustic  soda  with  chroniatc  of  potash^  placing  the  mixture 
in  a  basin,  and  covering  it  with  a  bell-jar,  under  wjiieh  carbonic  acid  ^aa 
is  slowly  evolved  by  the  action  of  sulphuric  acid  on  pieces  of  marble. 
As  the  soda  become.^  saturated  with  carbonic  acid,  the  salt  crystallizes  in 
orange-yellow  needles.  (HaycB.)  By  niixtng  a  very  dilute  solution  of 
ttiirate  of  load-oxide  with  ehri[>matu  of  potash  conlammg  ^  KSsVts^^i^'^^s^^ 
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gm^llt/  of  Free  poUflliy  and  espoAiog  the  nirtutt  io  t1i<!  hit.  Fi 
(Quart,  J,  of  Sc  19^  155)  obtained  small  red  cir^aU^  i>^  ^okj 

die  Dtooucltroiuate,  but  wbich,  actrofdiug   U)    nobler  ^ii 
f^ally  bib3tdic.^-4'   By  fu^ting  moaocbromate  of  leaJ-oxide  witb  n\^ 
eiliau^ting  tbc  fuseii  ma^  with  water.  (Haye&)     Wobler  aiid 
it*<^9*  21,  580)  add  pounded  moDocbromate  of  lead-o^ide  to  nitre  1 
tu  a  ft:!*  '  '-^  *    iou  at  a  low  red  beat,  cyctiuuicL-  '^'  ^  .  f  s;.;  -   v  *\%^ 
m  em;  r  at  a  tiuie,  till  tbe  greater  part  i 

tbe  uuiujr<    jiutbs  ap  and   blackens,   becau^   lut*  uit:  i| 

black  wben  bot.     The  crucible  u  tben  taken  out  of  1 1  ii«  i|iU 

0uid  titrate  ?md  cliroioate  of  pota^b  (wbicb  uiaj  be  used  lu  uie  jinrjJiJ 
tion  of  cbroifie-yelioH')  poured  off  after  a  few  minutes;  and  tbe  r^^i^ 
c|oickly  waished  witb  water  in  tbe  crucible,  becan^e  tbe  powder  i 
yellowiab-red^  if  the  liquid  m  left  too  long  in  contact  wiib  it, 
ibus  pre{)arcd  14  of  a  pure  V'  oluur;  wbereas,  if  prepar 

I0OJ41  waVf  it  ill  more  of  a  \  red:  if  tbe  nitre  be  too 

Ignited,  the  product  ib  browniob. 

Small  camiine-red  crystald.  (Dulong.)     Wben  prepared  by  (4), 
unit  forms  a  brilliant  vermilion -coloured   powder  consisting  of  deltc 
iibimng  crystals  (Wobler   &    Liebig);    by   (3),   orange- vellow   need 
[Hayeii);  by  (1),  scarlet  powder  (Badama).     Yields  up  balf  ita  amaunt  9f 

l-pzldo  to  acetic  sicid.  (Badams.) 

2PbO 221       „„      SM6  80  98 

CfO*  ,.. .         52       .,..       18-84         ,         19  U2 

2PbO,CrO*   ..,.      276       .  .     lOO'OO        ,: 7     100  0U~ 

h,  Seiquihask  Chromate. — MdanochtvUe,  In  rbombic  prisms  witb  two 
fii<H>«  enlarged,  and  likewise  massive.  Specific  gravity  5'7j,  ^^fj  «ft 
Colour,  between  cocbineal  and  byacintb-red,  witb  a  waxy  lustre;  t nan- 
lucent  at  tbc  edgcj);  yields  a  brick-red  powder.  Decrepitates  sligbilj 
wbon  beated,  becoming  for  tbe  time  darker  in  colour.  Fuses  upon  cUa^ 
eoal  to  a  dark-coloured  niajg^,  cryt^tallino  after  cooling.  In  tbc  ijiiiei 
blowpipe-flame,  it  yields  fumei>  of  IomJ,  lead  globules,  and  cbromtc-ojud*. 
(Hermann,  Porjg,  28,  162.) 

Uennmn, 

»FI|0.* , 336       ...       76  37         nt% 

aCrC^., 104       ...      23*63 23*51 

SPbo,2Cro*...     lio    <...   loooo      ZZ     loaoo 

r*  Mmiochvomatc,  —  Found  native  as  Iifd   Lead-spaff    or  Cr 
Crystalline  system  tbe  obUtjue  prismatic.     Form  an  oblique  rl.^'n.i.Jfi 
wboHo  obtuMj  lateral  edge  fornix  an  angle  {u  :  t^):^ii^^  ii^ ; 
tbe  obli<|Uu  t<!ruunul  facu^aud  the  obtuse  lateral  cd^o  (i:ti</— ii>o   iU»% 
gctber  H  itb  m,  (,  innl  ulhur  faces*     CIcavago  pa  ml  lei  tu  k,  vt,  aud^«  (ll«a 
ci>' '"•^    : "  ivity  01 .    Harder  t ban  gypsuuh    Coluur,  m  •        -^       leiji 
or  w  powder.     Trunt^lueentt  witb  t»lrung  i- 

adsiinaruiii'.'  luntro.     l>«^cR^pitnt08  wbitu  bi-ated,  sw^sunnug  lur  iiiv 
darker  coluur.     '\'hv  isalt  i^  obiainod  artilicially»  in  tbc  fomi  of  C4 
jffliQw^  by  Y  Mitr  ibe  nitnito  or  acetate  of  Imd-o^ido  wilb 

cbromate  or  ito  uf  pola&li, — or  nioro  ecououiically*  nr<'oHiiie  j 

Liubig  {Mxt'j.  I'ha'ui,  3.1,  ^SH),  by  plucing  sulpliate  of  b-'i  wltij 

(ftill  moiat,  iu  euutact  witb  a  eulii  ii*pk'nM-*   sululion  of  Hi-  ..iic  ( 

pota^b.     W  bi  td  lead  t roa  to d  w  i  1 1)  i  <  >  1 1 a  te  o r  b i cb  roiUAt«  ^  ] 

^kewiai  yielda  monocbrotuatu  of  Iv  ^  luid  monoo^b 
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bonaifi  of  potasli*  (Kuhlmann,  Jnn.  Pharm.  41^228.)  In  preclpitatmg 
sugar- of-lead  with  luonochronmtc  of  pofai^l],  tlm  precipitate  u  of  a  paler 
colour  when  ike  liijuiila  liiu  cold  than  whon  tbey  aro  Hot,  because  in  tb© 
former  case  it  contains  water.  (Antiion,  Mepert.  ?(>,  120.)  Bri^^it  kMiiaii- 
yellow  powder.  The  colour  Jticlim's  more  and  more  to  red,  in  pruportioa 
as  a  larger  quantity  of  dicbromate  is  present.  Acijuires  a  transient  dark- 
red  colour  when  beatcd,  Fusea  at  a  red  heat,  aoJ  solidities,  on  cooling, 
to  a  dark-brown  maea  wldcb  yields  a  lirowiiisb-yellow  powder;  but  if 
poured  wbile  still  liquid  into  cold  water,  it  forniii  an  amorphous  rod  inasS| 
and  likewise  yields  a  red  powder.  (Marcbaud.) 


I 


PbO 
CrOr 


VHuriuelin-        PfaiT.  Berzelius. 

naturaL        naturaL  natural,         artificials 

112     ...     68-29       ....       63  yt)     ...     67'9l     ....  6«*38     ....     C8"147 

52    ....     3171       ....       36*40     ....     31-72     ....  3r62     ,-.     31'853 


PbO,CrO>..      164 


lOO'OQ 


loo-ae 


99*63 


101)00 


lOU-000 


When  strongly  i*^nited  above  its  inciting  point,  it  gives  off  about  4 
per  cent,  of  oxygen,  and  h  converted  into  a  mixture  of  cbromic  oxide  and 
diebromate  of  lead- oxide. 

4CPbO,CrO^)  =  2(2PbO,CrO3)  +  Cr=0^+O. 

This  mixture,  if  gently  ignited  in  oxygen  gas,  does  not  re-absorb  any 
oxygen.  When  100  parts  of  cbroinic  oxide  aro  heated  to  redness  in 
oxygen  gas  with  excess  of  lead  oxide,  H'D  parts  of  oxygen  are  absorbed, 
and  the  same  mixture  {only  with  excess  of  lead-oxide)  is  therefore  pro- 
duced. Ala  strong  white  heat,  cbromatc  of  lead-oxide  gives  off  only 
4 '4  per  cent*  of  oxj^gen — not  nearly  so  much,  therefore,  as  would  be 
evolved  if  nothing  but  lead-oxido  and  chromic  oxide  were  to  be  left 
behind.  (Martband,  J". /sr.  Chan.  10,  do.)  The  salt,  when  heated  in  a 
stream  of  hydrugen  ga^,  begins  to  exhibit  incande.<eence,  from  formation 
of  water,  even  before  the  beat  is  raised  to  redncs;*;  it  likewise  blue  kens 
and  yields  globules  of  lead;  and  gives  off  10*7  per  cent,  of  oxygen  at  a 
comparatiyely  low  tempen^twre,  and  11*8  per  cent,  at  a  higher  iempe- 
mture: 

2(PbO,CrO*)  +  5H  =  2Pb  +  Cr^O*  +  5H0. 

Piccordiug  to  this  calculation,  100  parts  of  the  salt  should  give  off  12*2 
part-s  of  oxygen.  If  oxygen  gas  be  again  passed  over  the  residual  mass, 
and  beat  applied,  7  per  cent,  of  oxygen  is  reabsorbed  with  vivid  incan- 
descence. (^Ia^chand.)— The  salt  when  ignited  with  eharcoalj  yields 
chromic  oxide  and  nietiillic  lead.  (Moij^cr.) — ^If  balls  made  with  from  4  to 
'  ~\  parts  of  this  salt,  1  part  of  sulphur,  and  water,  bo  dried  and  then  ignited 
a  gla^s  tube,  they  exhibit  a  dingy  brownish-green  culonr  after  cooling, 
nd  take  fire  on  exposure  to  the  air,  with  incandescence  and  evolution  of 
nlphurous  acid;  concentrated  nitrie  acid  afterwards  extracts  from  them 
Dusiderable  t|uantilie3  of  chromic  oxide  ami  lend-oxide;  cold  acetic  acid 
likewise  extracts  a  large  proportion  of  lead-oxi<le.  (Antbon, /t*<7Jer/.  81, 
i8.)  The  salt,  wheu  boiled  w  ith  at^ucous  ctirhonato  of  potash,  bocumes  firs*t 
Uttuabar-red  [salt  a],  then  yellowish-wbitc  [carbonate  td  lead-oxide];  and 
lie  lii^uid  takesj  up  considerable  tjuautities  of  chromic  acid  and  lead  oxide, 
rbicb,  on  the  addition  of  sulphuric  acid,  are  completely  precipitated  in 
lie  form  of  cbronmte  of  lead-oxide.  (Brandenburg,  pSchti:  iV'.  Ann.  3,  61.) 
*he  salt  dissolves  cemplctely  in  cau&tic  potash  (Vaucjuelin);  the  solu' 
fiaturated  while  hot/  deposits^  after  a  few  days,  deUcft.lQ  -j^iWWv^-x^^ 


1-2  li-I. 

ikSLszx  '.irl'i  -xIt  r.  "^Mler  i  Z^^lj  " — H-:i:*£  >^!T&mric  add  decom- 
!•.—:-:  "It  iL-.  T-  -j.  :  mil--  «i  :f  i^^aii-PLl^ia':-?-  irf-i:**!  ^jdrocUoric acid 
ziTZLr  L  rr»«r-  -  .  LI  1  I  ''iT.-iL.':  1  jirx:!-'.^!:^ .  -^hi  scTar^ticn  of  chlo- 
r.'iz  .1  l-tai.  i^-i  t-.-i_.i  .:  ••":_. r:z»*  ri^  —  tI-*  •jiri^Ioric  acid  is 
r-  zrri  T'Ji  i_':-.-i .-.— ►^  fiTzii::  -i  :i  ii?*  r?fK.  5.;*.ni:r  i*  aziended  wiiL 
il**  i-rl--:!  •     c  *ijLr.«"-il.rj:  -Kifr.     Ti-f  sil":  :*  Es?»:l-l-I<  boA  in  pare 

'.V.  Jf:  r:.  -r».  *   ."    "    i:.-  .  ::    £:a«*:Itjs  *«zir£ij  ia  vazer  contuoiug 


Vi-ijpj.rz  TJ  Izj^-tiizi. — ?*:•?.  iT'-'I'^. — 1.  Br  precipitating  u 
ai^--=-  -L*  r-i-iTr  :  ".iii-i-::i.:T  i*  i  ^.rx:i-:  zlzr\ii  w:ih  ammoDia.  (Arf- 
T*«i:-;:.  /'•..■■.  --  i."*  — I.  Zj  :•.  l^r  frwilj  pr«c:i:iaied  lead -carbonate 
wi'Jz,  z^izl':  i».r^-j.:r  :_  :.:  frzL-rr  i.^;^ir^^  a  VTllj-^ia-h-red  coloar.  and 
aft'»r»'\ri?  :'.l.:ij  "^!:i  frh?i  xri-;-:  i^.-*?:*:*.  Wenlieiin.  •/.  pr.  (.'Arsi. 
2&.  22*. — 2.  rv  irr-:  :>-!.:::  r  :a^*::  l-£4i-i«:i:e  wiih  uranic  nitrate. 
(P*rs:z.  J^ -•-  «.'*•. .7?..  --/.'.  :t.  V-. — Y-.ll.-^ish-red  saK&tance,  wbich 
wL-ez  i^l:e:.  £:?:  :e.-:i-T-?  :r:"s--.r^i  ^^i  :*j-  aj^a  vollowi^h-red.  If 
htAZrri  ':-  i  v-:":'er7-:-n-i.:'f.  ::  i.r;^r£5  a  frraw.Tellvw  c&Liur.  vithoot 
anv  rei-c-.:.-.  '•'•'erilrim.  E-ec^.n-:*  c ! -" \n:-. s-c:-Ivared  bv  i^ition. 
Wh^n  ij::::-:-!  :l  i  -.-.rT'ti:  ::  ivir.orz  j:ls.  ::  ^:v«  ...ff  634  per  cent,  of 
oxjr^^  a=  i  virl i?  i  iirk  ^.r.Tz  J-. Tri^r  ^4  nixiun?  i-f  aranous  oxide  and 
lead\  wL  :•:•:.  ::  ext«:^-i  :.  :le  iir  afier  wrect  c«<-Iinz,  takes  fire  anJii 
recoLvertt-i  w::L  ii.caz--:^>:z:ie.  :=.:•   :LraLA:e  ^f  lead-oxide  (Arfved^n): 

P^0.2U-CV  -  5H  =  K  -  4U0  -  3HO. 

After  iiT::::';-,  1:  if  y-zzj  i:±:.il:lT  kI-I'o  in  acetic  acid.  (WertLeim.) 

Wrrthcim. 

F:0 1:2  i:*       2S;9 

2U-(>'  :^>  :2         ...         71-02 

Fco,2u-(y       T"      4C0      ~!     100      !"T7      99-si 


Lead  and  Ma>gam:si:. 

A.  Pcrmanrar.att?  vf  pc-tash  ::iv.?«  \r;ih  nitrate  of  lead-oxide  a  browo 
pn?cipitaio.  wlii-.L  ■li.-v.-Ivcj  coniplortly  In  c.-M  nitric  acid,,  forming  a  brown 
fiolution.  (F'.'rchaniiKvr  ) 

B.  Man^anoii.*  oxiJo  fu?es  with  loa-l-nxiiio.  foniiiri?  a  green  glass, 
vhicb,  when  it  tuko-  up  iiiL-re  oxygon  fr-  m  iLo  air,  assumes  a  br«>wn-red 
colour.  (Bvrthi'^r. ) 

Llad  and  Arsknic. 

A.  Aif>i;Mni:  nr  Ltad. — 1.  ^Moho-l  loa^l  takes  up  one-$ixth  of  it# 

wf-ii'iit  "f  ar-rni#-.    witl.niit  vi.-iMo  cmi-r-tii-n,  thereby  btHromin;;  britll-*. 

— 'd  aoiuiriiii:  a  lumiir-r  textun*.      Ltf-^-^h-t  are  inailo  uf  lead  with  a  vory 

1    uuaiitity    <f   :.r>«'i:if.  — J.  Ar-i':.iat«*    of   load-oxiilc    reduceil   in  a 

tni  crn«ibli.'  yi»l'I.s  a  M'ini-»luriilo  alloy,  wliich    exhibits   a   white 

we,  and  «:ivc:>  up  all  its  ar.<onio  if  exposed  for  gouic  time  to  a  white 

B  m  charcoal  cruriblc.  (Fournet.) 
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B,  AnBEXiTE  OP  Lead-oxide  or  IjEAD-AusENiiE.^a.  Bibasic,^ 
].  By  precipitatiog'  baylo  acetate  of  Icad-oxtdc  with  ammonia  Baturated 
with  arsenioua  acid, — White  powder,  which,  when  heated,  gives  off  its 
combined  water,  and  fuses  to  a  yellowish j  iilio-clcctric,  vitreoas  mass.  {Ber- 
xeliiig,  Ann*  Chim,   Pkf/s,  11,  233.) — 2.  When  arscnious  acid  vapour  is 

Ced  over  ignited  lead-oxide,  it  is  rapidly  absorbed,  tho  oxide  fuses  and 
mefl  red-hot,  and,  on  ooolinic:,  Boiidifies  to  a  sulphur-yellow  enamel  or 
glass,  which  fuses  readily  and  ia  not  decomposed,  eyeu  at  a  bright-red 
heat.  No  arsenic  or  lead  i^  reduced  to  the  metallic  state,  unless  either 
the  oxide  of  lead  or  the  arsenious  acid  is  in  excess;  when  the  proper  pro- 
portions are  observed,  nothing  but  [bibaaic?]  arseniie  of  lead-oxido  is  pro- 
duced. {Simon J  Foffg.  40,  33 G.}^ — Arsetiite  of  lead-oxide  is  not  soluble 
either  in  acpeous  ammonia,  or  in  arsenite  of  ammonia  or  other  ammo- 
niacal  salts,  (Wittstein,) 

BerEeliiui* 

2PbO , 224      .„.       69-33         ,         687 

AsO». 99       ,„,       30-65         31*3 


2PbO,AaO» 


323 


100*00 


lOO'O 


5*  Monobasit*. — By  precipitating  a  monobasic  lend-salt  with  aqueous 
ammonia,  which  has  been  saturate<J,  while  warm,  with  arsenious  acid, — 
White  powder,  which,  -when  triturated  in  a  mortar,  becomes  more 
strongly  electrical  than  sulphur.  When  heated,  it  fuses  to  a  yeHowish, 
atrongly  idio-electric  glass,  and  a  small  portion  of  the  arsenious  acid  and 
combined  water  are  given  off.     Slightly  soluble  in  water,  (Berzeiins,) 


BejTtelias, 


PbO 
A*08 


53  03 
46-92 


54*333 
45-66? 


52-644 
47*356 


PhO.AiO' ,      211     ....  100^00 


100000 


100-000 


C,  AnsENiATE  OF  Lead-oxide  or  Lead-ajisentate. — a,  Terhasic,^^ 
1.  By  precipitating  neutral  lead-acetate  with  diarseniatQ  of  soda,  in 
which  case  free  acetic  acid  remains  in  the  li*|uid,  or  by  precipitating  any 
lead-salt  with  diarsenlato  of  soda  in  excess,  whereby  monoarseniate  of 
soda  13  produced.  (Mitscherlich,)— When  neutral  lead -acetate  is  precipi- 
tated by  trisarseniate  of  soda,  the  precipitate  contains  more  than  3  atoms 
of  base  if  the  lead-salt  i»  in  excess;  but  if  a  solution  of  1  part  of  lead- acetate 
be  added  to  a  solution  of  1  part  of  tri(=?arseniatc  of  soda  (in  which  case 
the  latter  will  predominale),  the  precipitate  viill  consist  of  terhasic  talt, 
(Graham,  Pogr^.  32,  5L) — ^2.  By  digesting  h  with  ammonia.  (Berzelius.) 
White,  fusible  powder,  (Berzelius.)  Wljcn  raised  to  a  low  red  heat,  at 
which  it  neither  fuses  nor  bakes  together,  it  ac(|uircs  a  transient  yellow 
colour.  (Graham.)  Insoluble  in  water;  likewise  insoluble  in  acjueona 
ammonia  and  its  salts.  (Witt=?tein.) 

BcrzeUti3  (2),  Graham  (1), 

3PbO. ...,       336       ...       74^5         74-75 74^33 

AsO* 113       ....       23*5         .......         £5-23         25-67 


:*PbO,Asa*.. 


451 


100*0 


10000 


100  00 


h.  Bihask. — Formed  slowly  by  the  action  of  air  and  aqueous  arsenic 

I  acid  upon  lead;  precipitated  on  mixing  aqueous  hydrochlorate  oi-  nitrate 

of  lead-oxide  with  arsenic  acid, — or  on  gradually  dropping  diarseniate  of 

luiimoniay  potash^  or  soda,  into  an  excess  of  mononitrate  of  ka.<i-^TJv^ 


If.jKliig.  TunsTt.         C&earvix. 
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13'-.*'.    »_?.*         :  ■■•  .' "  _  ui'-Hi  .      IHf-I        ...     IW 

r  ~'J    f  :L.T  ..  :-       ;._•-":.  ■:._::-   .  i-ir-  -    i  z:♦i'u.~^^:7  =i».  bavisji 

▼  .-..1  r  ;-Lr.-    -■     -;:  :u  •■.:■.   -  ..::.Lj-.    -i".^^     i  -  ;  7:Lr:   ::  i-.riil*  lead; 

Z.   "*"i?T^:;5i:^~j.rz    7  lixZ  — l^ai-sL.-?  r"i  Lm  r?»?»^  pwripi- 
7^1  -rr^  ^l-z  ziziiLf.:  fT^:      Z»  -'i  prfvi -.j.:^:*  :in  ':lx:k  wbea  dnr.    Be^ 

7.  Aa.-t^-'^ti  :7  LT.iT-'rrT  -r-.—   rT-.'XTi    r  Iead. — In  many 
"x  1  i-     :'  /  .  •  :      .     "'     7   ".  <=  ■      :-7r'' .:   -  .i    -.z-    jiV.  •*■  nr>:v.  tb? 

:'•   ■    "ii*  T  ■:.*_•'      -■      •  •    :•  :     ~  r    '  r  :_-.    Ar«»:r:cai  ■>!   if 

T  .  -      -    _    .-  •     L         .:::.-■   -.T  :-:.:»::  I  bv 


•.r  3 


r  T.\.    an:-  Avt:^:  nv 

A.  Anttv  n::;  r  ■.•  \~ — *.  I  '>'■ — F  I'-i  ■.:!  :1to  Iioarth  -f 
a  •'!  •  l::ijj-l:;:.  .  .  i:  v.  '■!  .  i  :  ■<  :\.-  :^-  v  i.  ti.ir.  s  \->:.i.  .|  |Ti?n:?. 
witij  tv  I  ■■:  v..  .  .•  :  i!  •':  -  \.  rv  *  .  •"•:  »:.  i*,--  1.  avi  i):^  n'.'jji*^  <f  tl.o 
l:i-.  :il  '■ij...  i-  ,•  1  n  .  :  .  ;..  ;  :  J  .  ^i-  :; '  jr:v::y  J*JI.  >L!- 
l':r]-:  ..f  tI,-  !...:•!■"  :'  .  !•;.:.  -•..:■•'._•:•;.*.  Fi.?- -!■'-«  i-a-ily  ihun 
j»ir-  I-:i-l.  :ii..l  .■■  v.  :-  •!.  . '.  .:.  ."  :':-:  v.  ::.  .i  wl.  :■  f.liu  "f  lt':i.i-..\!'i»\ 
lli«-ii  Willi  :i  -iiiiiliir  rl!T«:  ■  :  /  ■.  •  y  :  .  ;i:.'l  i:i-:!y  with  a  veilyw  nlni  of 
'e.  (Kur-:iii,  /Vyy.  :»:>.  11**; 
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Kanten. 

18Fb 

1872      .. 

..      93-55 

9010 

Sb 

129 

6-45 

6-48 

Zn    , 

. 

1-42 

Ca. 

1-50 

Ag    

•                      «> 

0-24 

Ni,A8,S  

,. 

trace 

Pb»SI^. 

2001 

...     10000 

99-74 

h,  Pb*Sb. — An  alloy  of  416  parts  lead,  and  129  antimony  is  laminar, 
brittle,  bluish-white,  shining,  and  does  not  evolve  antimony  when  heated 
to  whiteness  in  a  charcoal  crncible.  (Fonmet.) — c.  Pb'Sb. — 208  pts.  lead 
with  129  antimony  give  off  but  a  small  quantity  of  antimony  when  heated 
bo  whiteness  in  a  charcoal  crucible. — With  2  At.  antimony  a  larger 
quantity  is  evolved,  and  with  6  atoms,  a  very  large  quantity.   (Fournet.) 

Type-metal  contains  83  pts.  lead  and  17  antimony.  (Heeren.)  An 
alloy  of  8  pts.  lead  and  1  pt.  antimony  is  ductile  but  hard;  that  which 
contains  equal  portions  of  the  two  metals  is  brittle  and  laminar. 

B.  Antimoniatb  op  Leai>-oxide. — Prepared  with  nitrate  of  lead- 
oxide  and  antimoniate  of  potajsh.  Formed  likewise  by  treating  antimonide 
of  lead  with  hot  nitric  acid. — White  curdy  precipitate;  turns  yellow  and 
giTes  off  water  when  heated;  infusible.  When  ignited  on  charcoal  before 
the  blowpipe,  it  is  reduced,  with  slight  detonation,  to  antimonide  of 
lead.  Not  completely  decomposed  by  nitric  acid.  Insoluble  in  water. 
(Berzelius.) 

Naples  Yellow  is  antimoniate  of  lead-oxide.  It  is  formed  by  mixing 
intimately  1  part  of  tartar-emetic,  perfectly  freed  from  iron  by  re-crystal- 
lization, with  2  parts  of  crystallized  lead-nitrate  and  4  parts  of  common 
salt— igniting  the  mixture  in  a  hessian  crucible  for  two  hours,  at  a  heat 
sufficient  to  fuse  it — separating  the  cooled  mass  from  the  crucible  by 
slight  blows — and  extracting  the  chloride  of  sodium  with  water.  By 
this  treatment,  the  Naples  Yellow  is  disintegrated  and  reduced  to  a  fine 
powder;  if  too  strong  a  heat  has  been  applied,  it  forms  a  hard  mass  which 
will  not  disintegrate. — A  cheaper  but  less  beautiful  product  is  obtained 
by  mixing  2  parts  of  a  pulverized  alloy  of  equal  part^  of  lead  and  antimony 
(or  pulverized  printing  types)  with  3  parts  of  nitre  and  G  of  common 
salt,  then  heating  to  redness  and  exhausting  with  water  as  above. 
(Bmnncr,  Pog^,  44,  137;  also  J,  pr.  Chem.  10,  196.) — Older  recipes: 
12  pts.  white  lead,  3  antimonium  diaphareticum,  1  sal-ammoniac,  1  alum 
or  pearl-a^jh;  or:  IG  grey  sulphide  of  antimony,  24  lead,  1  common  salt, 
1  sal-ammoniac,  &c.  The  mixture  is  to  be  ignited  in  the  air  gently  at 
first,  but  afterwards  more  strongly  for  several  hours,  and  then  washed. — 
Orange-yellow,  very  permanent  oil-colour. 

C.  SuLPHANTiMONiTE  OP  Lead. — Lcad>grcy  with  metallic  lustre, 
easily  fusible;  when  ignited  upon  charcoal,  it  evolves  sulphurous  acid 
and  forms  a  white  and  afterwards  a  yellow  deposit.  According  to 
Fournet,  it  leaves  antimonide  of  lead  when  ignited  in  the  charcoal 
crucible.  Hot  nitric  a<^id  converts  it  into  a  white  powder  of  antimoniate 
of  lead-oxide.  I>issolves  in  strong  boiling  hydrochloric  acid  with 
erolution  of  sulphuretted  hydrogen. — a.  Sexhatic. — Kilkhriclsenite,^^ 
8p.  gr.  6-407.  (Apjohn,  Jahresber,  22,  193.) 


17*>  LtU). 

KiUtiriei^nii^.  A{)iuiiii.  Ori  

«?S fi24     ...     SOiT  -.      Wr*r  ffbS TSi      — 

Sh  12a     ....     I4^:l§  ...       14-39  ShS» 177       —       If-H 

Oft  IM     ...     H'U  -..       l-i-M 

F« ....  ....      'rM 

I 

«Pfjd,sh«j> ...   -ior   ._  i«iii")o     ...    I'W-tH)  wr     ^   100^ 

i,  <^Hi/^^^'Z^r. — G^^'ir-i^n^^i, — From  SaJa:  Speci&e  gnTUj  5*88;  ■••- 
aWe;  ViAt  lea^i-zrej  :>*73Jiben;,  /'wy.  31.  53J.)     FcwmMeTida:  Sp.gr. 


5Pb 52«>     ...     KK-D-i     -..     64!4i        35Pb     5r»     —    CMl     —     <«-4J 

ah 120    ..    H»ii>   ....    i-»oi)      osfa      r:4   —     »•»   —     f-ss 

»S 12.S     ...     lo-^."!     ....     HW         3Aj         375     »»       4*53     —       A''i% 

Ca ..  ...       liO        S»S       1408     ....     17-01     ,^     l«-2« 

Zn.  Oil:— F<,  0-42:— Cti.  1-52:— BL  Ag,  tracae 2-tS 

5PbS,55bS>~::7~T i'>;-oo   ...   w-aa  s-277  —  leoHW   .-.  smT 

In  the  GeocTonitf!   from  Sola,  part  of  the  antimMij  u  replaced  hj 
arsenie. 

-r.    7Vr6<wwr.  —  B'jHhing-'.riti.  —  CrrstaUo-Uinmmr    or    fine-gimioed. 
Sp.  gr,  from  5  69  to  o'Jl.     Dark  Ica«l-grej. 


Boaknger.    ThaBlov.      ItuwmiK     AbcndrolL 

B/imUmgeriU.  XoLrtcn.  UphoiL         XcrtKkiMk.       OkoUa. 

aPb 312      ...     33-10  ....  53-S     ...  M-37  -..    56-29     —     55-60 

9h 1-29     ...     2402  --  25-5     ....  24-60  ..-     25-04     _     25-40 

«8 06    ...     ir-ad  ...  13-6    ....  18-86  _     1822    ....     19-05 

Pe... ....  ...  1-2    .... 

Cm    ..  ...  0-9 

3PbS,SbS>       057     ...   100-00       . ...     100*0     ....     99-03     ....     99-55     ....  10005 

d,  Bifjnuc. — Feailur-or^, — Soft  Dee<IIes  of  a  leatl-grej  and  smoke- 
gnsy  colour. 

2Fb  20X  ...  40-*S 

Sb 129  ....  30-93 

iiS bO  ....  I'jlO 

Fr.  1-30:  Zn,  00-« 


7P!iS,.S^>J^'  .  417  10000     .  .. 

^.  #SVj?7  w  ibatic.  —  J  amnion  iU. — Kb 
Sp.  gr.  ;VJO. 

3in>    312       .  .       43-70 

2Sb 2:is      ....      3C-i:i 

Ort  114       ...       2017 


C'li 
Fr 


H.  R.  .«* 

Or: 

46h7 

2PbS 

..     240     ....     57-35 

3104 

SbS» 

..     177      ...    42-45 

1072 

1-3S 

1*001 

417     ...  lOO-OO 

ombic 

prisms:    u 

:  u  =  lor  30'; 

H.  Rose. 

S/lmiTsotfch, 

(■..rn«a:i. 

Fitmnulm 

40-75 

3997 

34-40 

32-62 

2213 

21-79 

106 



013 

0-42 

2-30 

363 

3I'bS.2Sb.sa  ....       71*       ....     100-00         09-73         99-49 

/.  Foiir-thirth'h'iA'u'. — Piaf/umite. — Crystals  bolonpng  to  the  obliqne 
priMiintir  hv.-i<'iii.  //'  :  u  =  120  4J>'.  Cleavage  parallel  to  m.  Sp.  gr.  5*4. 
<*o]oiir  (lark  li-inl  L'rry.  Dciri'pitatcs  when  boated.  (Ziuken,  Potf*/.  22, 
4'»2;  (f.  Ho.n',  /Vv.  2S,  421.) 
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4Pb 

38b     

Plapioniie 
416      ....      4115 
387       ...       38-28 

G.  UoBc.        Kadematach. 
Wolftberger  miiie. 
40-52       ....       40-98 
37-94      ....      37-53 

138     

208       ....       20-57 

21-53       ....       21-49 

4Pb8,SbS» 

...       1011       ....     10000 

99-99       ....     100-00 

Monobasic. — ZinkeniU. — Six-sided  prismS;  probably,  as  in  Arragonite, 
nuule  up  of  rhombic  prisms.  Sp.  gr.  5  31.  Fracture  uneyen.  Softer 
than  calcspar.  Decrepitates  strongly  before  the  blowpipe.  (G.  Rose, 
^^Sf'  7,  91.)  When  ignited  in  hydrogen  gas,^it  gives  off  all  its  sulphur, 
and  leaves  a  residue  of  antimony.  (Wohler.) 


Pb 

.     104    . 

.     129    .. 

64    .. 

...     35-02 
...     43-43 
,..     21-55 

H.RoBe. 

WolTttberger  mine. 

....       31-84 

....       44-39 

....       22-58 

0-42 

Or: 

Pb8 

Sb8»    

...     120    . 

...      77    . 

.     40-4 

Sb 

48 

Ctt 

...    59-6 

PbS,8oS»  ... 

.     297     . 

...  100-00 

....       99-23 

297     . 

...  1000 

D.  SuLPHANTiMONiATE  OP  Lead. — When  a  solution  of  lead-acetate 
is  gradually  added,  with  constant  agitation,  to  an  excess  of  solution  of 
terbasic  sulphantimoniate  of  sodium,  a  dark  brown  precipitate  is  pro- 
duced, which,  when  ignited  out  of  contact  of  air,  gives  off  sulphur, 
together  with  a  trace  of  sulphurous  acid,  and  leaves  from  94  to  95  per 
cent,  of  residue  having  the  composition  of  Boulant^erite  (3PbS,SbJS'). 
Boiling  potash-ley  extracts  the  sulphide  of  antimony  from  the  precipitate 
and  leaves  the  sulphide  of  lead;  the  sulphide  of  antimony  may  be  pre- 
cipitated from  the  filtrate  by  ncids  without  evolution  of  sulphuretted 
hydrogen. — If,  on  the  contrary,  the  solution  of  the  Schlippe's  salt  be 
added  by  degrees  to  an  excess  of  lead-acetate,  and  the  mixture  boiled  for 
some  time,  the  precipitate  will  contain  a  mixture  of  8PbS  and  SbO' 
(compare  I V,  358).  This  mixture,  when  ignited  in  close  vessels,  yields 
a  large  quantity  of  sulphuric  acid,  a  sublimate  of  antimonic  oxide,  and  a 
half-fused,  lead-grey  residue.  (Rammelsberg,  Pogg.  52,  223.) 


Rammelsberg. 

3Pb    

312       .. 

..       54-83 

55-64     to    57-46 

Sb 

129       .. 

22-67 

88 

128       .. 

22-50 

20-28     to     21-55 

3PbS,Sb8' 5G9      ....     100-00 


Lead  and  Tellurium. 


A.  Telluride  op  Lead. — These  two  metals  fuse  together  with 
facility.  Native  telluride  of  lead  is  massive;  may  be  cleft  parallel  to  the 
faces  of  a  cube;  has  a  density  of  &-1j9,  and  the  hardness  of  calcspar;  it 
may  be  rubbed  to  fiue  powder,  and  has  a  yellowish  tin- white  colour. 
On  charcoal  it  imparts  a  blue  colour  to  the  blowpipe-flame;  in  the  inner 
flame  it  fuses  to  a  bead  which  gradually  diminishes  in  size  till  nothing 
remains  but  a  small  globule  of  silver.  This  globule  is  surrounded  with 
an  inner  ring  of  telluride  of  lead  which  has  been  volatilized  and  re- 
solidified, and  an  outer  ring  of  a  brownish-yellow  colour,  which,  when  the 
blowpipe  flame  is  directed  upon  it,  turns  blue  and  then  diBaii^^«d.x«« 

TOL.   T.  W 
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III  the  outer  flame  tbe  metallic  deposit  \s  smaller,  tUe  jellovrish-broiVB 
more  considerablo.  When  the  miDeral  is  fused  in  an  oj»oii  glasa  tube,  i 
ring  of  will  to  drops  forms  round  it,  and  the  white  fiimp  which  riso^»  yiel<li 
a  white  siiblimiite,  wbicli  ruti;3  together  into  u  drop  when  heated  (telluric 
oxide).  Dissolves  iu  cold  nitric  acid,  but  more  (quickly  in  tlie  same  acid 
wbca  hot.  (G,  Rose,  Fogtf,  18,  68.) 

G,  Rose.  

fVtsm.ytjiL 

Pb  .. ., 104         ,,»        61/9  60  55 

Tc  - 64         ,...         38-1         38*37 

Ag »,........  -.  12$ 


PbTe. 


168 


1000 


1M*00 


TELLiijtiTE   OP    LKAn-oxiDE. — a,    Basic,  —  Tolhirite    of    poti 
with   hiLsic   lead'ueetale   a  bulky,   translucent,   somewhat  goln 
precipitate*— 6.  Monotellunie. — By  precipitation  of  neutral  lead-ftoetl 


yieULs 

then  fuses  into  a  t^ln^1ucent  ma«6.  Before  the  blowpipe,  on  diarcotl, 
it  is  rctiuced,  with  i^light  detonation,  to  telluride  of  lead.  It  iji  cftillj 
soluble  in  acids.  (Berzeiiua.) 


Ire  white  precipitate^  when  heated,  g^ivee  oif  water,  turns  yellow^ 


PbO.., 


5833 
41  67 


Berz«liiiiu 

578 

42-2 


PbO,TeO> 192 


100*00 


100-0 


C.  TuLtURATfi  OF  L£Ai>'OxiB£,~a<  Buric, — Monotellumt^  of  pobyli 
gives  with  hnsic  Icad-acctate  a  wbite,  voluminous!  precipitate,  difficult  Xq 
wa«b,  and  not  (piite  ins?ohible  in  water. — L  MonoUituraie. — The  piTci- 
pitate  fornjed  with  neutral  lead-acetato  is  white,  hoavy,  and  somcw'Lit 
jsohihlo  in  water* — c.  BMhu'ate. — By  precipitating  ueutml  ]ead*,^cctll* 
with  hitc'ilurate  of  potash  or  ^oda.  The  prccipitaU.*  \6  more  £olulilo  io 
water  ihan  6. — d,  (JitudroifAluvate. — The  precip  tate  obtained  with  IB 
alkuUno  i|uadrotell urate  turn$  yellow  when  ignited,  and  white  ajpiin  an 
cooling.  It  difesolvca  in  dilute  nitric  acid,  even  after  ignition;  mow 
epviriT}^'-  in  dilute  acetic  acid,  remaining  in  the  fonn  of  a  white  powdfif 
when  the  acid  evaporates;  it  is  aoluble  to  a  coutaiderablc  extent  in  water* 
(Berzelius.) 

D.  SiTtPiioTBLLuniTE  OP  Lea1>. — The  browu  precipitate  turn*  bhck 
on  drying,  gives  off  water  when  ignited  in  a  retort,  and  leuve*  %  crtf 
maw  having  tbe  metal] ic  Jtiatre.  (Berielius.) 


Lead  akd  BiBMUTft* 

A.  Allov  of  Lkah  Asn  BtsMtrTH.^Tbe^e  metals  unit*  readily  h  ill 
propoHions  and  with  c^^ndensation.  When  3  At.  lead  are  united  will 
2  At  lii>!.mutb,  the  mixture  exbibita  but  one  solidifv'^''  »...;,*#  -..  utt\ 
ri«   at  120  J  wlien  the  mctala  are  united  in  otljer  j  if 

solidifying  pnint  likewise  exists  besides  the  former,  \it.  m  i  n>  m  *  •  B'u 
and  at  14^  iu  PhBi,  (Rudberg.)  a.  When  alloyed  with  a  email  quantiiy 
of  bisnnith.  le  td  ntains  it«  m;iTleabiltt>%  but  becomei  much  more  tcmfli.*-^ 
h.  Pb*Bi  rr  312  :  2  13,  Fu^cm  between  103^  and  ITl  .  ^ Daliereififr, 
Schiv.    42»   18-*.)— r.   !    part  of  lead  to  1  part     "  '  ^         "      '"  tJi 

laminar  fxactui-e,  the  colour  of  bismuth,  and  l, 
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(Miuiehenbroek.)  Light  lead-grey;  close-gnined;  does  not  expand  in 
oooling.  (Marx.) — d,  1  part  of  le^  to  2  bismuth:  Fracture  crystalline 
and  coarse-grained;  does  not  expand  perceptibly  in  solidifying.  (Marx.) 
— e,  1  part  lead  to  3  bismuth:  Fracture  laminar;  expands  slightly  in 
solidifying.  (Marx.)—/.  1  part  lead  to  8  bismuth:  Coarsely  laminar;  of 
the  colour  of  antimony;  expands  in  solidifying.  (Marx,  Schw,  58,  463.) 
—IT  According  to  Thomson,  the  alloy  PbBi  has  a  specific  gravity  of 
10*831,  and  melts  at  134  3"^;  and  PbBi^  has  a  sp.  gr.  of  10*509,  and  melts 
at  128-2^  (Liebig  and  Kopp's  Jahresber,  1849,  1040.)— Bi'Pb'  fuses 
at  122-4°.  (Person.)  IT 

B.  SuLPHOBiSMUTHATE  OP  Lead. — 3PbS,BiS*. — KobelliU. — Specific 
gravity  6 -29... 6 -32.  Fracture  radiating.  Colour  dark  lead-grey  with 
metallic  lustre,  like  crude  sulphide  of  antimony;  not  very  hard;  yields  a 
black  powder.  When  ignited  in  an  open  tube,  it  yields  sulphurous  acid 
and  antimonic  oxide;  fuses  with  strong  intumescence  at  first,  but  after- 
wards quietly,  and  becomes  surrounded  with  a  yellow  glass.  Forms  a 
white  deposit  on  the  charcoal  in  a  weak  blowpipe  flame,  and  a  yellow 
deposit  in  a  stronger  flame.  In  the  inner  flame  it  fumes  strongly  and 
yields  a  white  metallic  bead.  With  carbonate  of  soda  it  melts  together 
and  sinks  into  the  charcoal,  leaving  a  semi-malleable  metallio  globule. 
(Setterberg,  Fo^ff,  55,  635.) 


Setterberg. 

From  Nerike. 

3PbS  

360      .. 

..      67-97        .. 

46*36 

Bi8»    

261       .. 

42*03 

83*18 

FeS    

.... 

4-72 

Cu«S  

.... 

1*08 

SbS»  

....                    .• 

12*70 

Matrix    

.... 

1*45 

3PbS,Bia» 621       ....     10000        99-49 

In  this  mineral,  FeS  probably  replaces  part  of  the  PbS,  and  SbS^  part  of 
the  BiS'. 

Lead  and  Zinc. 

Alloy  of  Lead  and  Zinc. — Lead  readily  unites  with  sine,  thereby 
beeoming  harder;  but  its  ductility  is  not  impaired  by  any  proportion  of 
sine.  (J.  F.  Gmelin.)  When  it  is  heated  to  whiteness  in  a  charcoal 
erncible  with  i-..^  cine,  the  lead  gives  up  the  whole  of  the  sina 
(Fonmet.) 

Lead  and  Tin. 

A.  Alloys  of  Lead  and  TiN.~*Lead  and  tin  unite  in  all  poportiona* 
The  alloy  is  harder,  more  tenacious  and  more  fusible  than  either  tin  or 
lead  alone.  From  an  alloy  containing  not  more  than  3  parts  of  lead  to 
1  part  of  tin,  vinegar  dissolves  out  nothing  but  the  tin.  (Proust,  Gummi, 
Pfaff,  Ann.  Chim.  57,  13;  Sckw.  6,  225;  11,  14.) 

The  specific  gravity  of  the  alloy  is  below  the  mean  determined  by 
calculation;  2  volumes  of  tin  combine  with  1  volume  of  lead,  almost 
without  change  of  volume  (denoted  in  the  table  by  2  :1M.);  bat  the 
further  the  proportions  deviate   either  way  from  tl^  litQiS^dAX^)  ^Qt^ 


15»3  no. 


-•ii-j. 


fltT,M 

':L*f.  Ix  iii«  Ui-tiis-  tLe  adtinr  poinU  (M.r.)  of 
tir»  &J:jrf  sj»  1^:  r-'^^ — Tk  «7erj£rr  rrftTibee  and  nehinp  points  of 
tcGti  ii  iji*  iuL.-r«.  1^  iff^fiTz^^ei  :t  Tii^iLStts.  a»  likewise  added. 


Kci&r. 


Sce=^  pmrsiT.  M.P. 


Se*?! 


: ;  s  -•J 


i-i    .. 

.     Z*T 

:-?^> 

.  S-M5 

_  «95 

....  190^ 

iJ 

l>i 

?•**? 

9-002 

.-  4M 

-  182-« 

4 

:m 

■:* 

i-»f 

•-E*? 

-  f -209 

...  521 

».  IBM 

1:4 

:;4   . 

.   141 

^2ss 

—  9-«!f9 

—  611 

...  18« 

a* 

4:: 

Re-£=a^:     Jsi.i.   '."?.«.  Ji./f.  T^.  15o.   f-;--!iJ  die  fpeeific  giaritj  rf 
St=Vb=>TT?,  ari  iIa:  ^:  S-?":=j-5^>T  a:  13o\ 

The  4l->j  S='?b  lA*  •:=-»  *<?'>ii:y:-^  i^r-inu  r:i.  at  187'  (182-S  accori- 
icr  :.•  Persi.r  ;  :'::"»  ::'z-t:  iil.v?  I  ike  v  15^  exbibii  a  kurher  lolidifTiif 
P>::i5.  wLirif :rS=-F:.  5  *:  f  :•.•:— for  Sa'Po,  ai  200';— fur  Sn^Pb^  it 
1&«:»:— for  SnT:.  j:  f  •  :—:  r  SiF*,  a:  f  40  :_f„r  SnPb',  at  270;— tod 
for  S=  Pt'.  a:  £ >0.    , K ; i'f  r^. 

o2  parti  '.!  :iz  ;:  1  >ai  :  r»--*<'wr-Ji.."y»  ZiaaV — 5  part«  of  tin  to 
1  I-?a.i  .r''r:*:^n:^i.-ii  Z'.ii.  T'l-*  oniisrirv  p7V|iortion  fixed  by  liw 
for  t ; n- T r *^ I < . — 4  ran*  : ! -  : .  1  ! ■  -i-i :  /'»•■•'-:■  '.Hi?  /"i h  ( /*« n »y if li n dipn 
Zt.' \  — 3  I  ir:«  :-  : .  I  '-:::■:  i' •  -;•  .:  /"m  riTy.-iiHi//;^*  Ziiin). 
—  2  i-rt-i  ::::  :.  I  !;.i;.  .^  :  *  :'-r.  r\ — i-uiid  Tin  \,Ztc^isifmplign 
cr  ■:*  -I :/".  :'■..'-*  Z  .  — 1  x^r:  :iz  :  •  1  I-eai:  (.'•«#«:*«  tK^Jtr:  Ttro- 
p.Hi  .:'   J.'t    Z-v  _:/•■     '  ..'^i  Z.'       —  1  la::  ::u  10  2  le^iJ:  CVji/^  Wc'«r. 

B  St-^nnate-f  Le\>"  x:pe. — An  al>v  of  lead  and  lin  fuwii  in 
crr.tact  wi:L  ;:.-:  air  •  x  I  .r-::^  r.  i.'h  i::-.  re  i-i.-^iy  than  tMiht-r  metal  alonf, 
tie  0 h  1  r.  j»:  U-  : .:  r^  •  «>. !  •:  r-.i  :t.  •  i  \  y  :  L  ?  a  :il  -^ :  :y  ^\  i;  i 0 h  1 1 . e  i  w^  ^i  x  i  d 0*  Uve 
f...r  're  a::.  :hvr.  Ti.-.-  i'.  y  'It  ^'^  *  "  w^:h  4  •.  r  ."»  i.f  1- ail  l-urii*  at  1 
re* i  i.'^i  1 : k'.»  v Ii  1  ^>  a ! .  : L-.^  0  •: ; = ^ : - :  ::  a *": .j r »•  a r* I «  o"* i n ;r  « . n  s^pi tii tanwo^lT 
like  that  k'I  iLrVri- t  r«a:.  w::h  rVm-.a:!  n  of  ciullf.oner-like  excn^ceiice*. 
f  Be  r 2 o  1 :  •:  *. .  T h e  i  r^-  --.  :i 0 -?  o  f  rl  .1 : : ::  -  n:  i  r.  the  ally  re 1 1 r ■  i s  i  li e  com lu<- 
tiun:  ::■  l-i.  rr.  the  c  nirary.  *:•  e*  r.  t  ir.t-.riVre  wiiL  it.  K'in<:  apparentlr 
convene  i  a:  '.h?  ^aT••.e  t::i.e  :::t"  | '--p^'  v  ie.  i  F  x.  J,  K-  y.  /nf.  1,  diS.) 
— A'^uv-:;-  s:a:.:.a:-:-  •  t*  {•  :.:>:i  iiuxr-I  v.-iL  a  leal  .<ilt  iri^o-  liui  a  ^liibt 
pre-'ip-tate  iA  <A:i::.r.^  «■!*  l»:a"l-oxilo:  it  apjKar?  t»  le  i>..«mc»  i.ai  5i''.;il'le. 
(Molierj. .  —  The  I'.a.l-a-h  o  r.ta:::inj  in.  or  liu  a?li  cuniain!:!i:  lead. 
obtained  by  .xiiatii:^*  a:i  all'-y  v:  the  iv...  mota!?,  f.-mis  a  white  i-paqae 
Eh'iri'f  when  f  :-♦.  i  e::hcr  alui:'.-  -.t  with  ?ilu-a  and  alkali:  />ici/  yhfrt  and 
other  M'h'.'i:  l\i.  f!.t  \*, 

C.  ANTiMi'Mi'K  "F  Li:ai>  an:Ti.n. — A:::imoniJe  of  tin  14  rir.dcrvJ 
brittle  by  aduiiiure  ot'  lu^d.   ^CLaudct.) 

1).  ALLOYsi  or  Bi.-iMiTii.  Lkap.  and  Tin. — 2  parts  of  biMnutb.  1  I«d 
tiD,  form  Ro.'-e's  FutibU  indai;  8  partd  bismuth,  5  lead  and  3  tin: 
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Newton's  and  d'Arcet's;  5  parts  bismuth,  2  lead  and  3  tin:  Lichtenberg's. 
All  these  alloys  melt  below  the  boiling  point  of  water.  An  alloy  of 
426  parts  (2  At.)  bismuth,  177  (3  At.)  tin,  and  312  (3  At.)  lead,  fuses, 
according  to  Dbbereiner,  at  99°. — Rose's  fusible  metal  melts  at  93  75®. 
(G.  A.  Lnnan,  Pogg.  20,  283.) — In  whatever  proportion  the  three  metals 
are  mixed,  they  exhibit  one  fixed  solidifying  point,  at  98^  and  two  higher 
ones  which  are  variable.  (Rudberg.)  —  Rose's  fusible  alloy  does  not 
expand  in  solidifying;  hence  a  glass  tube  into  which  the  melted  alloy 
is  drawn  up,  cracks  lengthwise,  when  nearly  cold.  (Marx,  Schw.  58, 
468.) 

Sn*Pb'Bi  has  a  density  of  9-194  at  11°,  and  fuses  at  120*;  Sn'PbBi 
has  a  density  of  9*253  at  20°,  and  fuses  at  95".  (Regnault,  N,  Ann.  Chim. 
Fhyt.  1,  137.)  SnTb'Bi'  fuses  at  96°;  Sn'PbBi  at  145°.  (Person, 
Jahrtfber,  L.  d:  K,  1850,  72.) 

120  pounds  of  an  alloy  of  3  pts.  tin,  2  lead,  and  5  bismuth,  yielded, 
on  cooling,  tolerably  definite  crystals  which  fused  below  100%  and  con* 
tained,  Sn  1576, — ^Pb  26*56, — Bi  57*68,  or  equal  numbers  of  atoms  of 
tbe  three  metals.  (Lobell,  J,  pr.  Chem,  26,  511.) 

Potassium  added  to  fusible  metal  raises  its  melting  point.  (H.  Davy.) 

E.  Alloys  op  Lead,  Tin  and  Zinc.  —  The  alloy  ZnSn*Pb'  = 
ZnSn',2]'bSn'  exhibits  but  one  solidifying  point,  viz.  at  168^;  all  other 
alloys  of  these  three  metals  have  likewise  two  higher  solidifying  points, 
h  andc.  (A.  &  L.  Svanberg,  Pogg,  26,  280.) 

Atoms.  Atoms. 

a,  b,       e,  Za  Sn  Pb  a,  b,        c, 

168  182         1     12  3  ....  168  172 

168  171     204         1     18  4  ....  168  172    178 

168  178     183         1     21  6  ....  168              175 

168                            1     33  10  ....  168              178 

168  178 


Other  Compounds  of  Lead. 

With  Iron,  Nickel,  Copper,  Mercury,  Silver,  Gold,  Platinum,  Palla- 
diam,  Rhodium  and  Iridium. 


Zn 

Sn 

Pb 

3 

11 

2 

1 

6 

1 

1 

9 

1 

1 

9 

2 

1 

12 

2 
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Bergman.     De  analysi  Ferri.     Opme.  3,  1. 

Th^nard.     Oxides  of  Iron.     Ann.  Chim.  56,  59;  al«o  JT.  GUUL  8, 

Bacholz.     Oxides  of  Iron.     N,  GehL  3,  G96. 

Gay-Lussac.     Oxides  of  Iron.     Ann,  Cktm,  80,  163;   alao  Oilb,  42, 1 

Fiirtlier:  -^wn.  Chim,  Phy$,  1,  33. 
Berzeliiis.     Compounds  of  Iron    with  Sulphur  and  Oxygen.     Gilh.  3T^ 

296;  42,  277.     Further :  Ann,  Chim,  Phyn,  5,  149 ;    aUo  A\  Tr.  % 

2,  359* — Pogg.  7,  393. — Atomic  weight  of  Iron,     Ann.  Pkarm,  50, 

432. 
Hinmann.     Nulory  of  Iron  and  ih  application  %n  (he  arts  and  mtou^^ 

tvres;  tmnslat'ed  into  Gemiftn  by  Geor^,     Berl,  1785, 
Karsten,     Uandbuch  der  Euenhutienhmde,     Halle,  1816. — Syttem  dtr 

MetaUurgU,  1831—32.  B,  4. 


SYHO5T1IE0.     Eiiin,  Fer,  Femim,  Man. 

HUiory,  Knives  nnd  amis  of  iron  ar©  mentionfsd  in  the  books  of 
Moses.  The  ancient  Greeks,  on  at-eouiit  of  the  difficulty  of  nlanufaci1l^ 
ing  iron,  generally  used  arms  inndo  of  an  alloy  of  copper  and  tin. — Th4» 
chemical  relations  of  iron  have  been  inrestigated  chiefly  by  Ber^gnua, 
Proiust,  Bucholz,  Gay-Lnssac  and  Bcrzeliua.  Ferric  acid  waa'  discoreriil 
by  Fremy. 

Sonrci^s.  The  most  widely  diffused  of  nil  the  heairy  inrml'^ 
occurs  native,  thoiirrh  rarely,  sometimes  in  meteoric  niassest,  fioniottuj'**  in 
fine  granules  in  Mica-slate  {Katfn,  Arch,  11,  364).  eomelima«  in  C'critt 
{Ann,  Phnnn,  11^  245);  aa  protoxide;  as  pesquioxidc;  as  bydnioil 
seaquioxide;  as  carbonate,  ph<>sphatc,  sulphate,  hydrocldorate,  diJieal^ 
titanate^  tantalate,  niobiate,  polopiate,  tnngstate,  ar*enintc»  and  nxfihtetif 
the  pnjtoxide   or  flesquioxide;   as  protoxide  combined  with  *f 

«esc|uioxide  of  chromium;  as  eight  sevenths  sulphide  of  iron;  a>  •  ^  ^s 
as  sulphido  of  iron  combined  with  other  metallic  8ulphidei«,  in  CoppiT 
pyrites,  Peacock  eopjwr.  Grey  copper,  Ar^icnicat  pyrites,  and  StembeririW; 
and  Anally,  in  small  ouantity,  often  as  a  colouring  principle  of  variou*  tmt*, 
in  a  great  number  ofminerkl  aab&tanees;  and  in  mo8t  organic  bcKlicf* 

Preparation  on  the  tar^e  iKnh, — Principally  from  onw  oonfrtHsisi!*  ihs 
protoxide  or  neHijuioxIde*     The  orCM  are  commonly  roasted  in  :  £- 

Dtance  to  free  them  from  sulphun  arsenic,  ^c,  tht^n  coarpclv  ponn  ..  .,  ...,^^4 
with  ch&rcoftl  or  cx^ke,  and  a  flux  to  facilitate  the  fusion  of  the»rtbT 


IRON.  183 

matters  contained  in  the  ore,  and  exposed  to  tho  most  intense  white  heat  in 
tall  smelting  furnaces  {Uohfi^noftn)  urged  bj  a  strong  blast.  If  the  ore 
contains  alumina  and  silica,  lime  is  used  as  a  flux;  a  calcareous  ore,  on 
the  contrary,  require-*  the  addition  of  minerals  containing  silita  and 
alumina:  the  be^jt  mode  of  proceeding  u  to  mix  calcareous  with  biliceous 
iron-ores,  so  that  each  may  act  us  a  flux  to  the  other. — The  iron  reduced 
from  the  melting  mass — I'ly-iroiij  Cast-iron — which  is  freed  from  time  to 
time  from  the  slag  which  floats  on  its  surface,  and  run  off  at  the  bottom, 
or  scooped  out  several  times  in  a  day — is  contaminated  with  various 
matters  which  will  be  mentioned  under  the  head  o{  Cast-iron:  from  these 
it  is  freed  on  tho  large  scale  by  a  partial  oxidation,  called  the  defining 
process  [deu  Kisenfrischen  oder  Frisckpntcfss),  whereby  chiefly  the  foreign 
substances  aro  oxidized,  and  separated  partly  as  gas,  partly  in  the  fonn 
of  a  slag,  called  Cind(r  (FriscnsMackf),  wliiKst  a  purer  and  malleable 
iron  remains,  called  Hfjined  iron,  Bar  iron,  or  Wroutjhl  iron  (Frischeisen, 
SUibeisen,  iydnniedeistn).  Tho  carbon  which  is  oxidized,  partly  by  the 
air,  and  partly  by  the  cinder  produced  in  the  process,  escapes  in  the  form 
of  carbonic  oxide;  tho  cinder  consists  of  silicato  of  lime,  magnesia,  alu- 
mina, manganous  oxi<le,  ferrous  oxide,  &'C.  In  proportion  as  tho  iron 
becomes  purer,  it  loses  its  liquid  form  and  becomes  granular:  as  the  purifi- 
cation advances,  it  welds  together,  and  is  then  perfectly  purified  and  formed 
into  bars  either  under  the  hammer  or  between  rollers.  This  oxidation 
takes  place  either  by  fu.'^ion  with  charcoal  while  a  blast  of  air  is  blown 
upon  the  mass:  Etjiniuff  upon  JieartLs  (Fnschharkdt  attf  J/eerddi),  or 
by  contact  with  the  flame  of  coal  in  reverberatory  furnaces :  J* addling, 

Bai^iron  still  retains  about  ^  per  cent,  of  carbon,  which  makes  it 
barder;  generally  also  it  contains  a  small  quantity  of  silicium;  sometimes 
phosphorus,  which  makes  it  brittle  wlum  cold; — or  sulphur,  arsenic, 
eopper,  which  make  it  brittle  at  a  red  heat, — and  other  metals. 

Purification. — 1.  By  melting  iron  filings  with  one-fourth  their  weight 
of  smithy  scales  under  a  layer  of  green  glass, — or  of  glass  preparetl  for 
the  purpose  and  free  from  heavy  metals — the  whole  being  enclosed  in  a 
emcible  with  the  cover  luted  down,  and  the  fire  urged  by  a  strong  blast. 
(Broling.)  By  reducing  a  pure  oxide  of  iron  with  hydrogen  gas. 
(Berselius.) 

Properties.  Iron  sometimes  exhibits  cleavage  parallel  to  the  faces  of 
acnbo.  This  was  observed  by  Wbhler  i^Pogy,  26,  182)  in  iron-plates 
which  bad  been  imbedded  l>eueath  the  hearth  of  an  iron-smelting 
famace  and  exposed  to  a  strong  white  heat  during  the  whole  time  of 
smelting.  The  same  appearance  was  noticed  by  Hreithaupt  (»/.  pr,  Che^n. 
4,  245)  in  tho  Aachner  meteoric  iron.  Wohler  likewise  found  iron 
CtystaHiseil  in  octohedrons  in  tho  hollows  of  a  large  cast-iron  roller. — 
Wrought  iron  has  a  fibrous  texture.  It  is  the  hardest  and  toughest  of 
all  the  doctile  metals;  it  cannot  be  beaten  out  into  very  thin  plates,  but 
nay  be  drawn  out  into  very  fine  wire.  Iron  purified  ^1)  by  fusion  with 
smithy-scales  has,  after  solidification,  a  density  of  7' 84*39,  which  is 
rather  increased  than  diminitihed  by  rolling  out  into  plates  or  drawing 
into  wires.  (Broling.)  The  purest  soft  kir-iron,  containing  but  a  trace 
of  carbon,  has  a  density  of  7 '70  (Karsten);  that  of  ordinary  bar-iron  is 
7*788-  (Brisson.) — At  a  red  heat,  iron  becomes  softer  and  tougher;  at  a 
white  heaty  it  may  be  welded;  at  a  temperature  above  the  weldvw^  ^\V 
iferambles  under  the  hammer;  its  melting  point  a\i^ioaiC^i<^E  V)tek^\fia 


:  "rr~-^.T-rr*  ■=:.■:  -=  -^  -:i.t^:  r-' Ti-£:3a:y  »asi — beinr,  sccord- 
r^  "    ?   ■ — --.  .:  ."      .-.•■•j--Jn^  -'  Iir  •»•.!  i:  15*7^  according  to 

-     ^       .    -.       -  -    "       '«  --^.    x^:  i.-'-'-irr  to  Mackenzie,  at 

"  ■  -:       ;  •-.     .  ^.  '   ■-'zr'rr^ir^  ^*r'z  i^  :bat  prodoced  by 

r_'  r_— .     -  ■   --      z -;:=--■  :i    :r    -.z  i:   rxj^n  cas-  it  vola- 

:  :  -  -  —  -  "r-  .— -:  -  t..-=-?-l  '7  r»faji*  .i-f  charcoal  points 
":-■  u.  •:--.--  —-.  :  :.-^-  >  --  -zf-i  &  ;2xzri:v  of  Ta]Miar  of 
:-  ■     -  -n.'    T    ::    .    r.s:     ::    i  .-n.^::::  lif  air.   and  deposits  a 

"■---. ^       :  -  :     .- -   r  ..—       "£-^    —  I:.i  :*  attracted  bv  the 

r  ^-:- .  ■     -      -  :     -   *  :  .r*^:   tza^.-t*:.  : ::   V-^s  this  prnjicrtf 

11-  r  --.■..:  -  :  -^  -  r:  :  ^  -  -  -r-*-  ir-ci  'art>->a.  Iron  redaoed 
r*  -  L.  ■  :l  ..  -.-..'  ^-  -  ^  1  j^--  7«  ▼  iifT  r**rKl;z«»:  in  this  state  it 
I,-^   :  T       ;  .  1..      :-  -  .   -      ^l^-j::?  i  I-nTfr.    V  £^JM,  Pkil.  J.  14, 

-L   -- :  -    "'  ^  =  1"  "  "^    3t:r2!i-T»  =-5  ^S  iCapltaine,  Jaa. 

.*--.-"  **  -•  — •"•-- .-l::^ -:  AH-:  r?  r?o:a:  determination  of  Be^ 
2r:.  ir-  .  .'  — :  ■  r-'z  -  -I-  zTzti  ir  TE  T  ▼«  ^:  vf  iron  u  28.  Tbe 
£^  -^  ::  7*-  ■  ::•  .:.-  -•^.nj.z  -i^  5::i>nr  t:  ia^*  arl^s  froin  the  negleet 
i/  T.a.f  -;  i::r  u. .  tli-t*  i  c  n»f  jmiLr.-*^  r:ii:a^ei  in  the  iron.  T 


■r:J.^sf■>•  T-TTA  T*  iJi-.-i-irred  ia  tbe  air  at  oidi- 

t:  -   -      ..i  r.t  .cc&.r-rd  bj  decomposing  the 

r:-   :■   :*      ▼   i  :^c:>era:upp  as  possible— if 

.1  -.  --  :  *:  . :"  'iv_-  j^.n  and  then  exposed 

.   -    :-■    l:  .     •    .- L^:r.-;-:    irA-y   se^quioxiJe. 

-    ■;     1 !    i".   iz;  S:romeyer,  P<'*j'j.^i 

_:  r  :   i:  1   r-.i  izJ.:.  i>.»  r.ot   t;iKe  ^re  till 


'  I  •—  ■ .  •■ 


i     .'  -     :.-    ^           _•■.  ^.- .:.—    -:.  :     ir    x;  iizos  wlihuui  vi.^ilile 

«;-      --:  1     .       •     •   :.-^  >-  .:-  :     \.;.      "*~:  --  s.lf  ■■/  /r^n,  Smithy- 

f      —  ••      ..       ..."    >  ■  -V:  :••.•■.  :r.:"  ferric  iixiiie  (ses* 

\   .  7-     ^        -*     .    r   -..-     :  '■   .    -^ .  T-:  i.  b'.ue.  an-i  lastly  ^rri-y, 

"n  .  .    -a  .  ?.  :  :    ?-.;.-  :*  .'^.  •.rf-i  i.:r  ::,•  ihe  operation  uf  torn- 

:  ■:•:.:    ;.•.      -.    :      :.  .:/    :_  _    if   .:    :\  rr.  ?<>- ferric  oxidv.   which 

:r.»'    V.   :  ,.  :   v.    r      :   .  :-    ::..,:.:.•  :iv   :  s:?  vf  Newton's  coloured 

.'  >■■':.  .  '^'  :  : :»  :■  :  ■•-  ..■:  r  :::  ..xvircn  ira*  bumi  with 
\  \  .  >•  .  V  J  .  :  ■■  ?  :".  "  -  -•"■  ::  .  ■  \i  .t  .  :i:  oi'iniiHin  air.  the  can- 
1..-:.       -     ■    .      -  -  w,   ■.  _.i- ::  c  r:  :::;«<.  if  the  pitcc  of  iron  be 

:.  .  '. '.      4      ..!:;.,.   :  :::■    r.:  :r»- :Loroby  pr«Hiui*eil,  caun^s 

^     .1,:         '    ■        !    ■'     '  ■'       "  •■•  •^  ■  ^  •  >  »i-t'"  «'''nwried  into  s*»>«j'ji- 

i\:   0       A  :    ■.     :'    -       '..  ..:  .'::'..     :  •  :r.  :.-  >•  ark>   ^i    i\  to  the  uclding 

»  .:     \^     .    i  .:-::'  \- :.    ;:  :..-.  ..  r.  if  t.  -.^  \  !..^:  1 1"  ilu-  lioilows  l-e  stri»n^lj 

k\    i.rr.i    ..        .:.  : :  .:  .:''.-.   «     .:;,- r.i:  .  i.y  :•  r.:.d.  (Addains. /VnY.  .1/ /y.  J. 

li     iv  ?    .i. -i  I4'-.  ..;-■/.    .    .  '     ■   ;.  IJ.  :JiT;   H.  i-rloy.  Stratin^Mi,  .V.  ^r 

,   .  !."•;    i'..r»'i:.   /   .'    -il.  4.' •>'  »     In   tlie  (•iilli>ion   nf  Hint  arJ 

^  Tliclvv*  I'f  >Hv\  ar«-  iJi'inoi.i'ii  by  rubbin«r  un  the  htt-nc.  aoJ 

h  a  temperature  that  thoy  take  fire  in  the  air,  and  impart 

on  to  tinder.     Hence,  according  to  H.  Davy  {GM.  17,  446). 
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ft  flint  and  steel  in  vacuo  gives  but  very  faint  ^park?,  proceeding  from 
i^ited  particles  of  stone;  and,  according  to  the  j^ame  authority,  iron  in 
\ery  fine  particles  takes  lire  iiiurii  helt*\v  a  red  heat. 

4.  Iron  wfien  covered  with  a  thin  layer  of  water  and  exposed  to  tho 
»ir,  is  converted  into  h  yd  rated  sesqukixide,  by  laUiiii^   up  the  oxygen 
which  the  water  ahsorhs  from  the  lur,  and  comhining  as  oxide  with  a 
portion  fif  the  water.    In  this  reactkm,  there  is  likewise  produced  a  portion 
of   aiJimonia,  which  piirtly  escapes  and  partly  remains   in   coMjhiuation 
with  the  hvdrate<l  ferric  oxide; — tlie  formation  of  the  animonia  \a  due  to 
the  decomposition  of  a  portion  of  the  water,  and  to  tlie  comhiiiation  of  its 
tydrogeu  with  the  nitrogen  of  tho  air  which  h:i8  been  ahsorl^ed    by  the 
water.   (11.418,  419.)     Jf  the  iron   be   covered  by  a  deeper  strtUiim  of 
water  in  a  vessel  exposed  to  the  air^  so  that  the  transference  of  t)ie  oxygen 
of  the  air  through  the  water  to  the  iron  may  take  plaee  more  slowly,  a 
formation  of  black  liydrateJ    ferroso-ferric    oxide   takes  plaee,    because 
liydrated  ferric  oxide,  us  it  slowly  forms,  inducers  the  iron  to  dccoraposo 
the  water,  and  form  ferrous  oxide,  with  wijich  the  ferric  oxide  then  unitea. 
(Woliler.)— Iron  remains   unaltered  in   damp  air,  provided   no  water  is 
deposited  upon  it — ^as,  for  example,  under  a  bell-jar,  closed  at  bottom  witli 
a  water-jointp  and  having  a  piece  of  tarnished  lead  likewise  placed  under 
it,  the  water  being  then  deposited  exclusively  upon   the  lead.     But  if 
there  are  cracks  in  the  irou^  and  these  cracks  are  tilled  with  scale-oxide, 
water  becomes  deposited  npon  this  oxide,  and  rusting   then  takes  place. 
Iron  nhty  rusts  quickly  in  damp  air  containing  smull  quantities  of  snlpiiu- 
retted  hydrogen  (which  first  fonna  sulphide  of  iron  und   then   ferrous 
eulphate),  chlorine,  hydrochloric  acid,  and  acetic  acid;  but  carhonic  acid 
and  ammonia  have  no  influence.  (Bonsdorff,  Po^^j.  42^  332.) — Iron  doe^  not 
rust   in  the  air  under  water  containing  small  quuutities  of  alkaline  sub- 
stances*    When  immersed  in  aqueous  ammonia,  potash,  or  soilu,  it  remains 
bright  for  months*     If  water  at  22°  be  saturated  with  hydrate  of  potash, 
one  measure  of  this  solution  h  sutticient  to  impart  this  preservative  power 
to  2000  me.-isnres  of  water;  but  if  the   mixture  coutainH  from    4000   to 
5000  measures  of  water,  iron  rusts  when  immersod  in  it;  it  likewise  rusta 
in  a  nuxture  containing  from    1000  to   2000   measures  of  water,  if  the 
lii^uid  be  completely  antnrated  with  carbonic   acid.      One  measure  of  a 
satuitLted  solution  of  carbonate  of  soda  nniy  be  diluted  with  .74  measures 
of  water  without  causing  iron  to  rust;  but  if  the  quantity  of  water  bo 
increftAed  to  .59  measures,  iron  rusts  wlten  immersed  in  it.     One   measure 
of  a  saturated  solution  of  borax  may  be  diluted  with  tJ  measures  of  water, 
and   one  measure  of  lime-water  with   three   measures  of  water,  without 
losing  itd  preserving  power;  but  if  the  |troportion  of  water  be  increased 
in  either  case,  rusting  ensues.     The  preserving  influence  of  alkalis  does 
not,  in  all  probabiiity^  arise  from  their  power  of  withdrawing  carbonic 
acid  from  tlie  water;  for  iron  rusts  even  under  thoroughly  boiled  water, 
in  conta  -t  with  air  free  from  carbonic  acid  ;  it  is  true  that  tho  mixture  of 
aerated  water  with  potash  has  tho  effect  of  expelling  the  air;  hut  if  tho 
water  i:j  in  great  excess,  the  expulsion  is  very  imperfect:  moreover,  car* 
bonate  of  soda  drivea  out  but  a  small  quantity  of  air,  and  borax   none; 
and  yet  these  substances  prevent  oxidation.  {Payen,  Ann,   C/iim,   Pliys, 
50,  305.) — Wetzlar  {iickw.  49,  484)  showed^  long  before  Payen,  that  iron 
doe-!  not  rust  in  aqueous  solution  of  potsish  or  ammonia,  even  thongk  the 
solution  may  be  ddnted^  and  that  in    sainrated  solutions  of  su If  hate  or 
oitmtc  ^f  potajih,  it  oxidates  more  slow*ly  than   in  pme  water,  inaanuvck 
a«i  according  to  hia  obfiervationAi  these  liquids  contam  \^^^  a\T  m  to\^X^\Qi^> 
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Hall  (K  Qmri.  J.  of  Sc,  Z,  262;  also  Pofftf.  14,  145)  likewise  fottnd  tliAl 
iron  does  not  met  nn*ler  water  into  which  lirae  or  magnesia  has  Wa 
thrown,  or  even  in  a  niixture  of  1  part  of  lime-water  i^ith  4  parta  of 
water. — Iron  rusts  more  ^^lowly  in  proportion  ad  it«  eurfaco  is  smuoitior; 
the  rust  ts  formed  most  abundantly  in  cracks.  The  purest  irun  ru*<t*  ih« 
mo^t  qnickly;  hard  wrought  iron,  richer  in  carbon,  rusts  more  slowly; 
thon  AjUows  soft  stcid,  then  bard  steel,  then  soft  cafit-iron,  and  lastly  hard 
cast-iron.  The  presence  of  sulphur  in  iron  accelerates  the  rusting;  phot- 
phorus  appears  to  retard  it.  Beneath  the  flocculeot  hydrated  sesqni* 
oxide,  there  i«  formed  a  thin  black  crust  [iA  forro&o- ferric  oxide  t]  whicli 
adheres  tirnily  to  tho  iron*  Contact  with  zinc  protects  the  iron  frora  rust- 
ing only  fo  long  as  the  zinc  does  not  itself  become  covered  with  a  tilm  of 
oxide.  Tin  in  contact  with  iron  accelerates  the  rusting.  (Mor.  Meyer, 
J,  Uchn,  Chtm.  10,  833.) — A  water-conduit  consisting  of  c-ast-iron  pipe* 
became  stopped  up  in  the  course  of  a  few  years  by  the  formation  ttf 
tuberculous  musses  of  hydrated  ferric  oxide.  According  to  Payen,  grey 
ca«t-iron  oxidates  more  readily  than  white,  and  even  than  bur-iron;  id 
iron  pipes,  Kroy  and  white  eaet-iron  are  mixed:  now%  if  the  water  contatnt 
too  little  alkali  to  protect  the  iron  completely^  the  parts  consisting  of 
grey  iron  hecomo  oxidated  and  produce  tbe  formations  of  ruijt.  When 
cast-iron  of  this  description  U  exposed  to  the  action  of  a  mixture  of  75 
measures  of  aerated  water,  and  one  measure  of  a  saturated  so  I  tit  ton  of 
common  salt  and  raj-bonate  of  soda,  oxidation  begini  in  a  tninnte,  and 
there  is  formed, ~ first,  whitish  hydrated  ferrous  oxido  and  hydmtod 
ferroso- ferric  oxide,  which  at  some  distance  from  the  iron,  are  conrerted 
into  hydrated  ferric  oxide, — and  afterwards  carbonate  and  iilieate  of 
ferrous  oxide,  the  latter  being  produced  by  the  oxidation  of  «ilieide  of 
iron.  In  water  containing  nothing  but  common  salt,  protoehloride  of 
iron  is  likewise  formed.  In  water  containing  0*2  per  eent,  of  toda- 
hydrate  and  0*6  of  common  salt,  the  oxidation  is  confined  within  smallivr 
ajiaccs  around  the  points  at  which  it  originates,  and  spreads  in  vermicular 
forms.  At  the  oxidized  points,  the  iron  becomes  richer  in  graphite,  an^ 
at  the  Jsame  time  blacker  and  softer.  (Payen,  Ann.  Ohim,  PhyM.  03^  405.) 
Since  this  rapid  rusting  seldom  takes  place  in  cast-iron  water- pi  pes,  It  ii 
probable  that  a  peculiar  composition  of  the  easi-iron  is  necessaiuy  to  ill 
occurrence.  (Gnu) 

o.  Hed-hot  iron  in  contact  with  aqueous  T^apour  liberates  hydrogen^ 
and  is  converted  into  fcrro^o* ferric  oxide  FeO,FeO',  in  Amall  oetohndrais. 
(Gay-Lu*iteac,  I>espreti»  Ann,  Ckim.  Pht^s^  62,  346)  Aeoordiii|f  to 
llaldat  {Ann.Chim,  PktfM.  40,  70),  rhombohe<lrons  of  ferric  oxide  af« 
formoii,  similar  to  those  of  specular  iron;  but  they  w*cre  not  nnalvxed. — 
Arcor«ling  to  Stromoyer  {Pocfff.  0,  475),  the  iron  takci$  up  variable  «iuan- 
tities  of  oxygen,  the  amount  being  greater  as  the  tetnp^raturo  Is  liigkef 
and  the  action  of  th«  ai^ueous  vapour  more  proloogod.  Aeipo^ti^la 
Bucholx,  ferrous  oxide  u  produced* 

0t  At  onlinary  tem(H>ratnres,  and  out  of  contact  of  air,  iron  doei  aol 
decompioM!)  thomugftly  boiled  wster,  unloss  it  is  in  contact  witli  mom 
electro-negative  bodies,  as  with  previously  formed  ferric  oxi<le«  tnvfentjr, 
&c.:  in  this  case,  and  likowiiie  when  the  liquid  is  hcatf^d  to  50  ar  fO^/a 
£M!tble  evolution  of  liydrogen  takes  plaee^  and  ferroso  ferrie  oxide  afiMaft 
to  be  fonaed.  (Hall,'  Quart,  J.  o/6'r.  7.  55;  Guiliourt^  Ann.  C^nn.  Pkft. 
11,  43;  aUo  J,  P/iantt.  4,  241.) 

7.  in  preB<9^ce  of  acitU  which  do  not  tKemselv^B  ;:  ^ygen,  ima 

9tiickly  dccompotea  wnJimr,  aod  is  eoaTertcd,  witk  mrv  t  bydm^n. 
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into  ftnoiu  oxide,  which  combines  with  the  acid.  The  evolation  of 
hjrdrogen  takes  place  eyen  in  aqueous  oarbonic  acid;  but  it  ceases  on  the 
addition  of  lime. 

8.  By  heated  oil  of  vitriol,  by  nitric  acid,  hypochlorous  acid,  and 
other  acids,  which  retain  their  oxygen  less  forcibly — also  by  hjrpoohlo- 
lites,  and,  at  a  red  heat,  by  nitrates,  chlorates,  nitrous  gas,  &c.,  iron  is 
eonyerted,  at  the  expense  of  the  acid,  into  ferric  oxide.  When  iron 
filings  are  gently  heated  with  fuming  nitric  acid,  explosion  takes  place. 

[For  the  behaviour  of  iron  with  anhydrous  sulphuric  acid  at  a  red  heaty 
eee  ll.  178.] 

A.  Svh-oxide  of  Iron  ? 

When  iron  is  burnt  in  the  flame  of  the  oxy-hydrogen  blowpipe,  the 
product  of  the  combustion  is  not  scale-oxide  of  iron,  as  when  the  metal  is 
burnt  in  oxygen  gas,  but  a  fused  and  somewhat  malleable  mass,  which 
dissolves  in  hydrochloric  acid  with  evolution  of  hydrogen,  forming  a  solu- 
tion of  ferrous  hydrochlorate,  and  invariably  contains  6  79  per  cent,  of 
oxygen ;  it  is  therefore  Fe*0  or  Fe',FeO.  (Marchand,  J.  pr.  Chcm. 
18,  184.) 

B.  Ferrous-oxide.     FeO. 

Protoxide  of  Iron^  Eisenoxydvl,  Oxyde-ferretue, 

Formed  in  the  solution  of  iron  in  such  aqueous  acids  as  do  not  easily 
ipve  up  their  oxygen. 

Not  known  in  the  separate  state. 

Berzeliufl. 
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,             ^ 

Gay- 

Proust.      reiner.      cbolz. 

earlier,         later. 

Lussac. 

Pc     ... 

.    27  . 

...  77-143  ....     73  ....     76-9  ....     77  .... 

77-22  ....    77«2  . 

...     77-94 

O 

8  . 

...  22-857  ....     27  ....     231  ....     23  .... 

22-78  ....     22-38  . 

...     22-06 

FeO... 

.    35  . 

...100-000  ....  100  ....  1000  ....  100  .... 
(FeO  =  339-21  +  100  =  439-21. 

10000  ....'  100-00  . 
Bcrzelius.) 

...  loo-oo" 

Combinations,  a.  With  Water. — Hydrate  op  Ferrous  Oxide  or 
Ferrous  Hydrate.  —  Thenard's  statement  that  this  substance  is  a 
peculiar  white  oxide  of  a  lower  degree  of  oxidation,  has  been  disproved  by 
Proast,  Bucholz,  and  more  especially  by  Bcrzelius.  (Schw.  22,  334.) — 
The  hydrate  is  precipitated  on  mixing  a  solution  of  a  ferrous  salt,  per- 
fectly free  from  ferric  oxide,  with  solution  of  potash  perfectly  freed  from 
air  by  boiling,  the  precipitation  being  performed  in  a  vessel  from  which 
the  air  is  excluded.  The  white  flakes  which  fall  must  be  carefully  pre- 
■erved  from  contact  of  air  during  washing  and  drying.  The  vessel  in 
which  the  precipitation  by  potash  is  performed  must  be  immediately 
filled  np  with  thorou£!;h1y  boiled  water  and  then  closed.  As  soon  as  the 
precipitate  has  settled  down,  the  liquid  is  decanted  with  a  siphon,  leaving 
only  a  thin  layer  above  the  precipitate;  the  vessel  again  filled  with  boil- 
ing water  poured  in  very  slowly  so  as  not  to  disturb  the  precipitate;  and 
afterwards  shaken  and  closed.  This  purification  by  alternate  subsidence 
and  decantation  must  be  performed  as  quickly  as  possible,  because  ferrous 
oxide  decomposes  water  by  continued  contact,  and  \a  coTL'TOtV^WcAx^ 
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metallic  iron  in  small  granules  on  the  uegative  platinum  wire.     If  the 
positive  wire  is  dipped  into  a  solution  of  comnjon  salt  separated  from  the 
iron -solution    by  moist  clay,  the  iron   is  obtaiiicfl  in  glittering  crystals 
hich    exhibit   magnetic   polarity*     (BecquereL)     Zinc    iinmeraed    in    u, 
rfectly  neutral  eolation  of  ferrous  sulphate  f>r  liydrouhkirate  contained 
a  fetoppered  bottle,  throws  down  metallic   iron   (together  with   oxide) 
bich  u  deposited  partly  on  the  zinc,  partly  on  the  contiguous  aide  of 
;he  glaps.  (Fischer,  Pofjf/.  9,  2CG.)     If  platea  of  zinc  and  copper  soldered 
together  are  immerFed  in  the  perfectly  neutral  hydrochlonite  solution,  the 
iron  is  deposited  on  the  copper  in  the  form  of  a  Idnisli-white,  metallic, 
Tery  friable  mas:?,  which ,  when  gently  ignited  in  hydrogen  gus,  becomes 
frery  tough.    (Capitainej  iV\  Ann.  Chim.  Fkt/s.  2,  126.)     Anthon  {ReperU 
[77,  121)  obtained  with  zinc^  not  metallic  iron,  hat  light  green  flakes  of 
"erroso-ferric  ox'ule  which  gradually  acquired  a  darker  colour.    [Was  the 
lir  perfectly  exiduded  !]— Hydrosiilphuric  acid   precipitatea   only    those 
[errou8  EaltEj  which  contain  a  weaker  acid;  if.  <7.,  the  aqueous  acid  ear- 
Vonate,  and  the  neutral  oxalate^  tartrate,  and  acetate,  the  precipilatiou  in 
be  three  last-mentioned  .salts,  going  on  only  till  a  moderate  portion  of 
iacid  i:*  set  free  (Gay-Lu^sac);  the  .same  re -a  gent  precipitates  the  ben  zo  ate 
^of  ferroua  oxide,  and  even,  to  a  elirdit  extent,  the  salphate  and  hydro- 
chlorate,  if  the   acids  are  completely  saturatetl   with   base.    (Grischow, 
JScJiw.    27,    185.)      The   snrae    result   was    obtaiued    by    Wackenroder 
\{N,  Br,  Arrh,  IG,  IIH),  wiio  !>tatcs  that  hydrosulphuric  acid  throws  down 
large  quantity  of  iron  from  acetate  of  ferrouis  oxide,  or  from  tbenmlphatQ 
or  hydrocblonitc  mixed  with  acetate  of  potash;  bat  not  the  wbcde  of  it, 
even  when  the  acetate  of  soda  is  m  exces.s»     The  Idack  precipitate  is 
tydrated  protositlphide  of  iron,  which  acquires  a  rusty  brown  colour  by 
exposure  to  the  air.     It  dissolves  readily  in   Iiydrocbloric  or  sulphuric 
acid,  and  iikewise  in  a  large  quantity  of  acetic  acid,  provided  it  does  not 
contain  excess  of  sulphur.   (WackenrocJer.)     The  corresponding  precipi- 
tates of  cobalt  and  nickel  oxidate  much  more  slowly  by  exposure  to  the 
air — The  same  precipitate,  but  containing  the  whole  «f  the  iron,  is  pro^ 
duced  in  all  ferr^His  ealts  on  the  addition  of  an  alkaline  bj^drosulpbate; 
and  it  \s  not  soluble  in  an  exccf«3  of  the  re  agent.     Hydros alpliate  of 
ammonia  difisolves  a  mere   trace  of  it,  but  gives  it  up  again  ou  exposure 
to  the  air,  or  on  the  addition  of  hydrosulphite  of  ammouia,   ^Wacken- 
roder,)     A  very  dilute  iron-solution  to  which  hydrosnlpbate  of  ammonia, 
la  added,  assumes  a  green  colour^  from  the  presence  of  iron  in  a  state  of 
suspension- — Fixed  ciustic  alkalis  completely  precipitate  the  iron  in  the 
form  of  a  white  hydrate,  which,  b}*  exposure  to  the  air,  acquires  a  dingy 
green  and  afterwards  a  red-brown  colour. — Ammonia  throw >5  down  part 
of  the  iron  in  the  form  of  hydr:itc,  the  res?t  remaining  di8solved_jii,_^ho 
liquid,  which,  when  exposed  to  the  air,  becomes  covered  first  w  itha  green 
and  afterwards   with   a  browu  film.     If  the   ferrous  mlt  is  previ(His!y 
mixed  with   sal  ammoniac,  ammonia  yields  no  precipitate,  but  forma  a 
pale  green  mixture  wdiicb  exhibits  similar  appeanmces  on  exposure  to 
the  ain — Monocarboimte  of  potadi  or  soda  and  sesqui  carbon  ate  of  am- 
monia throw  down  white  carbonate  of  ferrous  oxide,  which  soon  actjuires 
a  green  and  afterwards  a  brown  colour  by  exposure  to  the  air— and  if 
gal-ammoniac  be  added,  dis-olvc.^  iu    the  liquid,  whtcb   tbeu  exhibits  a 
green  and  subsequently  a  brown  turbidity  ou  expoi^iire  to  the  air.     Bicar- 
bonate of  potaeh  or  soda  forms  the  saino  preci})itate,  with  evolution  of 
carbonic  acid;  but  if  the  solutions  are  dilute,  a  clear  mixture  ia  formed, 
whjcli  deposits  ferrous  carbonate  on  boilings  and  im  ex^«>a\iici  lo  \\\^*,iAx^ 
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yje]il5  a  precipitate  of  hjdrated  f^rro^o- ferric  oxide. — Gftrbotiaie  of  lime 
daee  not  precipitate  ferroua  ealts.  (FticL».) — Phosphate  of  noda  l>njcij>i* 
tatea  (up  to  a  tliousaiul-folil  diliitiou;  lyaf)  wLite  phosphate  of  fem»iii 
oxide,  which  at-quirea  a  bbifih-green  colour  by  exposure  to  the  air. 
Arseniate  of  soda  precipitates  (up  to  a  ihouaaud-fold  dilutioQ:  P/^f) 
white  arseuiate  of  ferroui^  oxide^  which  becomes  dingy-green  oa  exposure 
to  tho  air. — ^Oxalic  ucid  aud  acid  oxahite  of  potash  commttnicste  a  Tallow 
colour  to  ferrous  »aks,  and,  after  a  while,  throw  down  yellow  oxalala  «l 
ferrous  oxide,  the  precipitation  being  immodiate  when  an  alkaline  oxalate 
is  used. — Ferrocyanide  of  potassium  forms  a  precipitate  which  is  whit*,  if 
thej  solntiou  lia«  been  perfectly  freed  from  air  by  boiling  and  the  iron- 
salt  is  absolutely  free  from  ferric  oxide^  but  otherwise?  bluish-white:  by 
ex{^K)dure  to  the  air,  thi^  precipitate  is  converted  into  Pruasiao-blttr* 
Ferricyanide  of  potafle»ium  give.<9  a  precipitate  of  Prui»$iaD-blue  oven  ia 
ycry  dilute  solutions. — Tincture  of  galls  neither  colours  nor  precipitiit^ 
ferrous  salts,  when  tfjey  are  quite  free  from  ferric  oxide;  but  the  mixture 
acquires  a  violot-black  colour  ou  exposure  to  the  air.  Accenting  to 
Ffair,  tincture  of  galld  gives  a  purple  colour  and  precipitate  with  ai^ueoiu 
acid  carbonate  of  ferrous  oxide. 

Those  ferrouH  mXia  which  are  insoluble  in  water,  disAolvo  in  aqtieoiia 
hydrochloric  acid.  Both  the  aqueous  and  the  hydrochloric  acid  solutioDS 
absorb  lar>^  quantities  of  nitrous  gas,  thereby  acquiring  a  dark  bfowa 
colour,  ( Vid.  StdphcUc  and  liydr&chloraU  tf  Farous-<fxide,) 


C.  Ferboso-ferbic  Oxide, 

JSi$fno:FpJostyduIf  DeutoxytU  de  Ftr, — The  name  F(rro9Chfirrie  oriJ* 
18  applied  to  oxides  of  iron  which  contain  more  oxy^n  than  the  protoxid 
and  les.H  than  the  sefiquiiixide^  and  may  be  regarded  as  compounds  of  til 
protoxide  and  sesquioxide  in  various  proportions. 

a.  Smk-oxide* — GFeO,  Fc'O^  When  iron  is  heated  to  redoeaa  In 
the  alr^  two  layers  of  scale -oxide  are  formed,  which  may  easily  be  sepe- 
rated.  The  inner  layer,  6FeO,  Fe^O',  is  blackish -grey,  porous*  britile, 
and  attracted  by  the  magnet*  The  outer  layer  contains  a  larger  quanlicr 
of  ferric  oxide,  but  in  variable  proportion^  It  is  of  a  reddigh  ircm-blftcx 
colour,  dense,  brittle,  yields  a  black  powder,  and  is  more  «tn>ngly 
attracted  by  the  magnet  than  the  inner  layer  The  amount  of  fcrnc 
oxide  in  the  outer  layer  is  between  32  and  37  per  cent.,  and  on  tho  very 
surface   it  is  as  much  as  32*8  per  cent.  (Mosander, 


per 


W* 


Sekw,  47j  81.)     Specific  gravity  of  the  acaleoxide^alt*.  (P.  Botilky.) 
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Bertkier  (Jnn.  Chim.  Ph^i,  27,  19;  aUo  Scku^.  4d,  919}  rag^rJs  thi 
toilo'oxide  as  iFrO,  Fe'^Q';  Mosnndor  aUribate«  the  irreftter  wmmtrnk 
leirie  oxide  found  by  Berthier  to  tlic  fact  of  Bertkier  k»Tiaif  maXymtA  \ 
inaer  and  oilier  1  •ther. 

h.  M^pkdik  *-■  oO,  Fe^O\— Found  nativo;  Itkewtto  m  am 

Vmiaiulwiu     1.  In  tho  rapid  cH>mbufttion  of  inin*  ritktf  i 
I  fM  Of  ia  Ike  air*  (Miteokerilok,  Po^g.  1^,  a32.>^2«  By  i^i 
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iron  (or  the  scale-oxide ;  Be^auU)  in  an  atmosphere  of  hydrogen  gas, 

(Oay-Lussac,  Despretx,)     The  iriiii  plates  wlik-h  are  laid  beneath  tho 

bearUis  of  iron-fliuehing  furnaces  and  are  exposed  to  a  red  heat,  are,  m 

the  coarse  of  6  or  10  years,  completely  convertctl  by  the  moiature  of  the 

soil  into  magnetic  oxide,  partly  crystalline,  partly  amorphous  und  attracted 

by  the  maguet  (hut  not  itself  inagnetie).     The  eame  compound  h  formed 

on  the  under  side  of  the  refining  he tirth?,  where  the  iron  conies  in  contact 

with  aqueous  vapour.     {Koi-hj  Utbtr  Krif^tall.  Huttaiprodude^n.   17.)— 

By  fusing"  protochloride  of  irmi  at  a  low  red  heat  with  dry  carhonate  of 

Kioda  and  extracting  the  chloride  of  sodinm  with  water,   the  niagnetio 

Koxide  is  obtained  in  the  form  of  a  hlack  heavy  powder.   (Liehig  &  Wohler, 

Pogff,  21.  582.)     [Is  the  liigher  oxidation  of  the  iron  in  this  proces.^  dua 

^lo  the  oxygon  of  the  air  or  to  the  carbonic  aeid  of  the  carbonato  of 

^B  The  native  oxide  crystallizes  in  forma  belonging  to  the  regular  »yatem; 
Hj^ii/.  2,  3,  5,  6,  &c.  Cleavage  indistinct,  parallel  to  o.  Harder  than  fluor- 
HfflKir;  sp.  gr.  50^4.  Fracture  conchoidaL  Colour  tron-bJack;  yields  a 
H black  powder.     Fuses  more  readily  than  iron;  with  difficulty  before  the 

blowpipe.     Attracted  by  the  magnet   and  often  itself  magnetic.      The 

oxide  prepared  by  (2)  has  a  specilic  gravity  of  5" 40.     Crystallizes  in  the 

forms  represented  in  jignres  1,  4j  and  8.  (Koch.) 

Gay- 
^m  BefZ€liufl«  Fudis»  DespretZt  Liis«ic. 

^H  Kait»,  mttim,  prepared  &y  (2) 

^^Fe 81     »„     71*68      ....       71*86      „.,       71-91       ...      72-46      ,.„       72*5 

40 32     ,,..     28*32       ....       2844       ..,.       28'09       .„.       27*54       .,..       27-6 

FcH>*„,.  113     ....  10000       ....     100-00       ...,     100*00       *,..     10000       ..„     lOO'O 

BerzehuBt  Fudi«.  Dej^preti*    Gay-LusflftOk 

ICaito.  natire,  BradL     Sdiwarumitdnt 

feO 35    ....     30-97       ....       31       ....  30-88  _      20      ...       25 

►J^O" 78     ....     6903      ....       69      „„  68*40  ....       72      .,,,       75 

ff^O^F^O*      113     ....  100-00       ....     100       Z       99^28      _     100      ...     100 
(Fe»0*  =  3  .  339-21+400  =  1417-63i     BerzeUiti.) 

The  analysis  of  the  magnetic  oxide  from  Schwarxenstein  corresponds  to 

the  formula  3FeO,4Fe^O*,  probably  because  the  ore  contains  specular 

iron  mixed  with  it   (Von  Kohell,  Sckw.  62,  1J>5;  64,  4-2£>;  J,  pn  Chem, 

1*  ^^.)  [For  Kai'stena  analyses  of  variouii   kinds  of  magnetic  iron-oro 

^L  vld,  KarMens  Arch,  /.  Bergh.  u.  Huiienk.  10,  17*] — On  the  hearths  of 

V  |>uddling    furnaces  there   is   formed  a    mixture   ot  ferrous   silicate   and 

magnetic  oxide;  the  latter  is  found   crystallised  in   geodcs  of  regular 

tetrahedrons,    truncated     octohedrtms,    and    rhomhoidal    dodecahedrons; 

these  crystals  dissolve  in  hydrocliloric  acid,  with  reparation  of  gelatinous 

eilica,  and  contain  35  per  cent*  of  ferrous  oxide,  58  p,  c*  of  ferric  oxide, 

and  7  of  ttilica-  (Laurent  ^  Holm 6,  Ann.   Okhn.   Phf/e.   60,  330;  aUo 

—^  J,  pr,  Chjm.  7,  339,)    Probably  a  mixture  of  3(FeO,Fe-0^)  and  FeO,SiOl 

B  Demmpo$iiiom  of  Ferroso  ftrvk  OxkU. — Reduced  to  the  metallic  state 

H  by  charcoal  at  a  white  hcrit.     Pounded  scale-oxide  ignited  in  a  charcoal 

^K  crucible  is  converted  on  the  ontvside  into  soft  pulverulent  metallic  iron  of 

a  blackish-bhie  colour;  further  inwards  is  found  olive-green  iron  which  h 

very  pure,  and  free  from  carbon  and  oxygen;  wnd  finally  in  the  middle 

there  is  formed  a  mixture  of  olive*green  iron  and  undeconi posed  ecule- 

if  the  mmutQ. — ^    ~ 
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itorefl  between  AW^  i 
_  .  ^  lljf  at  the  same  temperalo 

vater,  mm  t3bm  other  baad,  ia 4iw>MpoSpd  hj  metailic  iron.  (Gay-Lo« 
9.,  L  I9ju}— AaaNMMl  gam  hkmwmm  rraaces  the  iron  at  ared  h 
pa/wi^liw   ai%hl  |»fl»|iB   be   be$t    prepared    hy   redadn 
vith  b jdnfoi  gaft  in  an  iron  tube.— 3.   Carbonic  oxide  gia] 
t  Wkm  hyinngim;  k  niisDn  ted-bot  ferroen-ferric  oxide  to  the  mctalliti 
,  witb  fcnaatiBa  mi  caiboue  acid,  aod,  on  the  otber  band,  carbooiaj 
I  hj  iniB  la  tb«  dale  of  carbonic  oxide,  with  furmaiioa  < 
>*kmc  axiile.  (Dkefprtti,  Ann.  Ckim,  Pk^t,  43,  222:  aUa  Poj^t.  j 
15^;  Gobd,  ^.^^Cloa.  6,  3S6;  Uptay  &  LaarcDi,  Ann,  CUim.  Pip. 
» MC)— C^tfbttttw  adi  Rt  Mixed  vitb  an  e<|aaL  Tolume  of  carbooM 
'  ^  likevke  cenrgftg  mtbel  iron  into  ferroeo-ferrte  oxide.  (Lautiit, 
ikim^  Pkf^  65,  42a)— L  Potaantun  and  eodiani   at  about  300* 
VIM  RidM«  InTDSi^-leBm  oixkla  le  tbe  tuetallic  eUte,  the  ^do^HH 
i  wHb  a  aligbt  mr^Mmm  of  Irgbt  aod  lieat. — ;>.  By  ii^inj^l 
Itlb  ««lpbar,  lUi  tuaim  vieUi  aidpburous  acid  and  sulpbidp  of  iroa-« 
'    WlwB  tmtif  fmhtmmm  mmil  to»ted  with  a  quantity  of  dilute  hydro- 
aeM,  MS  tbaa  safideat  to  dittnlve  it  completely,  it  is  re^vei 
T0O9  axilla  arbtek  dinolTca^  and  led  Icrho  oxide  wbicb  reimtfti 
l«ad.  (BttacUaB,  Sdkm,  IS,  291.) 

OmthinmiimmM. — m,    Witb  Water. — Htdrate    op   Fcrroso-fi; 
pX11ka.*"«4.  ihm$f-firm  ffjfdnmit^ — Bj  cxpo^^tng  the  white   bydr 

Maxidtia  Ibtair  ferasbott  time,— or  by  precipiutinj[^  a  mixtore 

knvm  mJti  aad  a  snail  qvantity  of  ferric  salt  with  potash  or 

ia— ^  ^69^  gf^9m  bydiate   of  ferroso-ferric   oxide    is    obtAtsed, 

oa  faflber  exposaie  to  the  air«  is  quickly  couTcrted  luto  rutty 

twm  bydtate  of  lemc  oxide. 

ft  mtidt  //-  ^*-'-  ^-  Pn^cipitated  from  a  solution  of  fna;nietjc  oxide  in 

hydr\H'hYonr  .^  ti.i  a  mixtare  of  ferrous  and  A^rric  suits  containiof 

TAt  FeO  to  I  At   re-G*,  oo  the  addittoQ  of  potuab  or  ammonia*     Tb« 

yrllow  soltttioB   of  mmgnmtit  oxide   in   bydri*cb1oric   aoid    yicldi§   with 

n  a  btowaiib-blaek  pcedpitate  which  U  uia^ettc  even  while  in 

1  L  «e  ibat  it  cvdleds  toaad  a  nnguet  dip|>cd  into  that  jiuaid, 

h  uiav  U'  wasbfd  oa  tba  ilter  wilboot  becoming  more  hij^hly  oxidiird. 

(Luhiit  X  Wobler.  /W.  2I»  5M;  mkn  Mag.  Pharm,  34,  138.)— 2.  iU 

mme  ptvi'ipitjtte   15  oiHaiaed  by  nttxtog  iolphate   of  ferric   oxide  tM 

>tuuiianu  with  sulphate  of  ferroaa  oxide. in  aaeb  proportion  thfitthe  ferric 

[oxide  pn^^'nt  in  the  mixtuie  may  contain  three  tiroes  m  much  oxygen  u 

I  the  ferr\vu«  oxide,  and  precipitating  witb  ammonia.     If  the  quantity  of 

^rrouv  itulpluita  ia  grMltr  tbaa  the  above,  the  precipitato  will  contain  ia 

excena  of  hvdmteil  fenaaa  oxide,  which  will  oxidate  mure  quickly;  ifj 

fm\  the  ctuUrnry,  the  ferric  «iU  is  in  excels,  the  precipitate  will  coiitvt 

ilkeo  hvd rated  ferric  oxide,  fnmi  which  the  hydraltd  ferroeo- ferric  oxiJtf 

Buvy   Iks  *eji«rtttt'ti   by  the  mafrnct.    (Abichf  /'o^V.   23,  354/w3.  T«« 

Itip^Hl  portions  of  fcrnm;*  sulphate  are  taken;  the  first  is  di«^lied  m 

iwatcr  aci<lulat«'d  with  »ii1fdiur»c  acid,  and  oxidated  at  a  boilini;  beat  hy 

tho  iMhlilion  of  nitne  acid  in  small  portions  at  a  time.     The  f  •*•  -  f    -tioi 

it  diK«(dvtd  in  water  freed  from  air  hy  Uiiling.     The  two  aia 

I  llien  mixed;  the  mixture,  while  still  hot,  precipitated  hy  umuM^nra  mlM 

^it  oti('<*  ^it  excels;  and  the  liquid,  together  wiih  the  brown-black  intfct- 

l),(tt«  I  for  fcome  minutes  to  the  boiling  point.     Tb«  |ifvetpitakd 

"to  uxidfi  ia  then  coUecicd  on  a  filter  and  waabad — dnfiif 
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whicb  process  It  utitlergoes  fartlit»r  oxidation — and  tlieo  dried  at  a  gentle 
heat.  (Wohler,  Atm.  Pharm.  22,  06.)  [Thia  process  shouJd  yield 
2FeOjI'e^O*;  but  even  if  ii  greater  cpiantity  of  ferric  oxide  is  not  prcMluced 
by  tho  nitric  acid  still  remaining,  or  by  contact  with  tlic  air»  tlio  propor- 
tion of  that  oride  is  sure  to  be  increased  liy  decompoi5ition  of  water,] — 
Mercer  {PhiL  Marf.  J.  20,  340)  adopts  tlie  same  process,  excepting  taat 
he  boils  tlie  liquid  down  so  aa  to  expel  auy  accidental  excess  of  nitric 
acid  and  precipitates  by  potash  at  a  Injiling  heat  instead  of  by  ammonia. 
The  precipitate  when  examined  by  the  microscope  appears  to  coasiijt  of 
brown  transparent  laminio. — 4,  Bottger  {Beiirage,  2,  12)  precipitates 
forroits  sulphate  free  from  ferrie  oxide  by  the  addition  of  carbonate  of 
eoda;  wasbe.'^i  the  precipitate  eeveml  tiniea  by  decantation;  an<l  then  boils 
it  with  tolerably  concentrated  caustic  potash.  This  process  yields  a 
velvet -black  powder^  much  k»8.s  liable  to  absorb  an  additional  fjuantity  of 
oxygen  thtin  that  which  ha^  been  preciplttited  by  ammonia.  [No  hydrageii 
is  evolved  on  hoiliug  the  pri?eipituto  with  [Ktta-^h  ont  of  contact  of  air, 
and  the  precipitate  remains  greyidh-white.  Gm.]— 5.  Noel  (N.J,  Pharm, 
1,  62)  precipitate^  ferrous  sulphate  with  carbonate  of  soda,  washes  the 
ferrous  carbonate  by  decantatiori»  leaves  it  to  drain  upon  liuen,  and  then 
heats  it  in  a  cast-iron  vesesl,  with  con-^tant  stirrin;*',  til!  it  ia  dry.  It  is 
thereby  converted  into  a  velvet-black  powder.  Soubeiran  obt^iincd  by 
this  ]>rocess  a  precipitate  wiiich  wa«  not  perfectly  black,  and  when 
treated  with  bydrochloric  ncidj  evolved  carbonic  acid. — B.  Preu^s  intro- 
duces 4  parts  of  puiverisicd  iron  and  5  parta  of  ferric  oxide  into  a  flask, 
together  with  a  two  or  threefold  cjuantity  of  water,  and  boib  the  liijuid 
gently  for  some  time.  The  mixture  gives  off  fetid  hydrogen  ga^  and 
turns  dark  brown  at  first,  but  afterwards  black.  When  tlie  evolution  of 
gas  ceaaes  and  the  re.^ulting  black  powder  settles  down  readily,  it  is 
separated  by  levigation  from  the  excess  of  iron;  thrown  on  a  lilter  of 
grey  porous  paper;  and  the  filter,  after  the  water  has  drained  off,  la 
wrapped  op  in  a  large  cjuantity  of  paper,  and  quickly  dried  in  hot  air,— 
The  bliick,  very  loose  powder  di-^i^ulve^  in  acids  without  e\oIntion  of  gaa, 
and  the  solution  yieldB  a  black  precipitate  on  the  addition  of  an  alkali. 
The  precipitate  mui^t  not  be  dried  l>y  heat,  because  in  that  ca^c  it  would 
turn  brown  from  higher  oxidation.  In  the  furmation  of  ferroao-ferric 
oxide  by  this  proces^s,  the  ferric  oxide  doca  not  give  up  oxygen  to  tho 
iron,  but  induces  the  dccompo.-iition  of  the  water,  by  its  predisposing 
affinity  for  ferrons  oxide.  Zinc  13  not  oxidated  by  boiling  witli  water 
and  hydrated  ferric  oxide;  the  hydrates  of  alumina  and  chromic  oxido 
exhibit  a  similar  diBiDcUnatiou  to  oxidate  iron.  (Wohler,  jln«.  Fharm* 
28,  92.) 

The  black  hydrate  of  ferroso-ferric  oxide  exhibits,  after  dryings  the 
appearance  of  brown  blacky  brittle,  strongly  magnetic  lump??,  having  a 
conclioidal  fracture  and  yielding  a  da,rk  brown  powder.  It  contains 
aI>out  7  per  cent-  of  water,  which  it  gives  oif  when  heated  in  a  retort, 
leaving  black  anhydrous  ferroso-fernc  oxide.  When  heated  iu  the  air  it 
is  converted  into  ferric  oxide.  From  its  yellow  solutitm  in  hydrochloric 
acid,  It  is  precipitated  unchanged  by  ammonia,  (Wohler.) 

Iron-biizck  or  ^Ethiops  martmlU  Lemen/i  is  a  mixture  of  ferric  and 
ferrous  oxides,  in  different  pruportiona,  according  to  tho  mode  of  prepara- 
tion, and  partly  hydrated, 

ArJiifdroits  ^'Etkiops  is  obtained  by  the  following  methods:  I,  By 
paMing  aqueous  vapour  over  red-hot  iron,  or  sprinkling  red-hot  iron 
hiings  or  naiU  repeatedly  with  water,  till  thoy  bocomQ  trWWQ.    Tiiv^ 
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mothodi  ^elds  FeO,Fe^O\ — 2.  An  iDtimiite  mixture  ol  pulrerii^  iron 
and  feme  oxido  La  tightly  pressed  into  a  cruciMe,  the  cover  put  on, 
end  the  whole  exposed  for  two  hours  to  aa  lutense  heat.  To  oUuuB 
FeO,Fe-0^  by  this  process,  the  proportions  required  are  27  pts.  (I  At.) 
iron,  312  pts.  (4  At.)  Fe-0^  Vauquelin  and  Bucholz,  with  the  view  oX 
obtaining  pure  ferrous  oxide,  prescribe  9j  parts  (rather  more  tUan  1  At.) 
of  ferric  oxide  to  27  pte,  (1  At)  of  iron;  in  that  ca.^e,  the  product^!  uiu^ 
contain  metallic  iron, — 3,  Hydrated  ferric  oxide  is  mixed  M-ith  a  suflideni 
quautity  of  olive  oil  to  form  it  into  a  moist  powder,  and  then  ig^nitcd  h 
CO veretf  crucible  or  in  a  retort.  The  anhydroos  oxide  may  ltkewt<« 
nsed  instead  of  the  hydrate,  and  wax  or  vine^r  insteail  of  oil :  v 
if  UBed  must  be  added  in  large  quantity^  the  mixture  gubsot^ueotty 
distilled,  and  the  reeidue  heated  to  redness.  The  charctml  which  mnaiitf 
on  igniting  these  sabstancesi  serves  for  the  partial  reduction  of  the  ferric 
oxide.  If  the  quantity  of  organic  matter  is  too  email,  [lart  of  the  fane 
oxide  remains  unaltered;  if  it  is  too  great,  an  exoeas  of  charcoal  i«  pn^ 
duced,  and  part  of  the  ferro^o-ferric  oxide  is  then^hy  reduced  io  tiic 
metallic  state, 

llt/draUd  J^tfiiopa. — 1,  Iron-filings  are  placed  in  a  wide  rocsel  W^^ 
covered  with  a  deep  stratum  of  water;  the  whole  is  exposed  to  the  i^f^^H 
a  considerable  time  and  frequently  stirred;  and  the  lighter  black  p*)irte 
which  fornii-,  decanted  from  time  to  time  from  the  remaining  iron  filiagi^ 
then  qnickly  collected  on  a  filter,  and  rapidly  dried  at  &  nodamtc  hmL 
(Lenicry.)  If  the  filings  are  moistened  with  only  a  small  quantity  d 
water,  and  the  mixture  aL^itated,  the  oxidation  goes  on  much  more  rapidly 
and  is  attended  with  evolatiuu  of  beatj,  so  that  it  becomes  ne<;efisary  to 
replace  the  water  as  it  evaj>oraLe8;  after  five  days  the  wtbiops  loay 
be  removed  by  levigation.  (CaTezzidi,)  This  prepiiration  is  douhtteii 
identical  with  the  black  hydrate  of  ferroso- ferric  oxitle  alrenxJy  deKTihrd 
(p.  \^^)l)i  and  the  much  more  expeditious  modes  of  forming  it^  recouuncDiied 
by  Preuss  and  W older,  are  Io  be  preferred* 

6.  With  Acids,  forming  the  Salts,  op  Ff.rh'^so-perric  Oxn>i,  cr 
Ferroso-fhrric  Salts. — These  salts  are  obtaini*d  by  partial  oxidation  of 
ferrous  salts,  or  partial  de-oxidLitlun  of  ferric  wiltj^,  or  by  mixing  fenvai 
salts  with  ferric  salts,  or  by  dissolving  fcrr<JSO*ferric  oxide  io  ao^ 
They  are  mostly  of  a  bright  green,  browni.sh»  or  yellow  colour^  and  hatt 
a  fcrrnginous  taste.  Like  the  ferrous  salts,  they  are  converted  into  ffffit 
iaitd  by  oxidation.  Many  oxidable  subi^tance^;  on  the  contrary,  fodi  tt 
fulpharetted  hydrrjgen^  ntetals,  ^c,  convert  them  iuto  ferrotui  t&Jy  If 
Irithdrawing  a  portion  of  their  oxygen*  They  may  be  regmfdt>d  m  mm 
mixtures  of  ferrous  with  ferric  salta^and  exhibit  many  reaction?*  b^oofii^ 
to  one  or  the  other  of  thene  salts.  They  are  characteriaod  hx  lb«  :r?r<^ 
Vlttck,  or — if  a  large  quantity  iif  ferric  salt  is  pn**»cnt — the  \>ffWfiMiaA 
precipitate  which  they  form  with  alkulis,  and  the  hlor  with  rranidarf 
potassium.     They  re^^cmble  the  ferrous  suits  in  giviti         ^ '  i  ipitill 

with  ferricyanide  of  potjissium,  and  the  ferric  saltrt  in  ir^lA 

moconio  acid,  gallic  acid,  liydrosulphocyanlc  aeid,  and  it^rrvcjioiidi  rf 
potsuaitim. 

D.  Psiritic  OxiPi?,     PeW* 

SaqmojAi^  ^Irm^  Per^mek  qf  Iran,  Eed  Oxidw  ^  Ir^m.  (hmm  a 
ike  fbnut  of  Bpmmlar  Iran  nr  Ir<m^i«m9^  Mti  Mmmaiik  m  Md 
Irathstgmt  and  Jf tfrfifr. 
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Preparation,  1 .  By  igniting  tho  metal  or  ferroso-forrio  oxide  for  a 
considerable  time  in  contact  with  air  :  Crocus  Martis  adstringens, — 2.  By 
igniting  hydrated  ferric  oxide.— 3.  By  strongly  igniting  calcined  green 
vitriol,  or  disulphatc  of  ferric  oxide  :  Colcothar,  Caput  mortuum  VitriolL 
—4.  By  oxidatinf"  iron  with  nitric  acid^  then  evaporating  to  dryness  and 
i^iting. — 5.  By  deflagrating  1  part  of  iron  filings  with  three  parts  of 
nitre,  and  extracting  the  potash  with  water :  Crocus  Martis  Zwefferi, 

Properties.  The  primary  form  of  specular  iron  is  an  acute  rhombo- 
bedron,  Fig,  151;  also  Figs.  153,  155,  156,  157]  r*:/-»=87°  D';  f^  it^  or 
#^=02^5';  somewhat  cleavablo  parallel  to  r.  (Hauy.)  Sp.  gr.  5*251 
(Mohs);  6*19. ..52*3  (G.  Rose).  Softer  than  quartz;  steel-grey,  yielding 
a  brown-red  powder.  In  thin  laminae,  as  it  occurs  in  micaceous  iron-ore^ 
it  transmits  light  of  a  red  colour.  Red  hosmatite  is  generally  of  fibrous 
texture,  less  hard,  of  brown-red  colour,  and  mostly  has  a  density  of  4*7. 
— Martite,  although  it  consists  of  pure  ferric  oxide,  crystallizes  in  regular 
octohedrons,  probably  therefore  exhibiting  a  case  of  dimorphism.  (Kobell, 
Schw.  62,  196.) — Artificial  ferric  oxide,  obtained  by  strong  ignition  of  the 
sulphate  or  nitrate,  is  steel<grey  and  metallic;  sometimes,  when  it  is 
prcniuced  by  heating  the  scsquichloride  of  iron  in  vessels  containing  air, 
it  forms  a  sublimate  consisting  of  laminoD,  identical  with  those  of  mica- 
ceous iron-glance  {Fig.  153,  with  tho  p  faces  enlarged);  and  appears  red 
by  transmitted  light.  The  same  lamime  are  formcil  in  pottery-furnaces  in 
which  the  ware  is  glazed  with  common  salt.  (Mitscherlich,  Pogg.  15,630.) 
H  The  specific  gravity  of  artificial  ferric  oxide  ignited  over  a  spirit  lamp^ 
is  5*17;  after  ignition  over  a  charcoal  fire,  504.  In  the  pottery-furnace, 
it  melts,  but  is  at  the  same  time  partly  converted  into  ferrous  oxide, 
(H.  Rose,  Pogg.  74,  440.)  IT 

Btt-  Gay-         Stro-         Ber*      Dobe-  Thoin# 

cholz.       Lussac.      meyer.       zdiuB.     reiner.         son. 

2Fe 54  ....  69-23     ....     70*42  ....  70*27  ....  69*85  ....  69*22  ....  69  ....  68-966 

30  24  ....  30-77     ....     29*58  ....  29*73  ....  30*15  ....  30*78  ....  31  ....  31*035 

Pe«0»  ....  78  ...IWOO     ....  10000  ....10000  ....100*00  ....10000  ....100  ....  100*000 

(Fe^O^  =  2  .  339-21  +  300  =  978-42.     BerzcliuB.) 

Decompositions.  1.  By  gentle  ignition  with  charcoal,  it  is  reduced  to 
ferroeo-fcrric  oxide;  by  stronger  ignition,  to  the  metallic  state. — Ferric 
oxide,  heated  to  whiteness  in  a  charcoal  crucible,  yields  metallic  iron  at 
tbe  part  wliich  is  in  contact  with  the  charcoal  Iming,  but  not  till  the 
rest  of  the  oxide,  to  the  very  centre,  is  reduced  to  tho  state  of  ferroso- 
ferric  oxide.  (Berthier.)  This  reduction  of  the  part  of  the  oxide  not  in 
contact  with  the  charcoal,  to  the  state  of  fcrroso-forric  oxide,  is  due  to  the 
action  of  carbonic  oxide  gas.  If  two  platinum  crucibles,  the  one  contain- 
ing a  piece  of  charcoal,  the  other  a  piece  of  iron-glance,  be  placed  at  a 
distance  from  one  another  in  a  porcelain  tube  closed  at  one  end,  and  the 
whole  ignited,  carbonic  oxide  and  carbonic  acid  gases  are  evolved,  and 
the  iron-glance  reduced  to  the  metallic  state.  For  the  oxygen  of  the  air 
in  the  tube  combines  with  the  charcoal  and  forms  carbonic  oxide  gas, 
which  is  converted  iuto  carbonic  acid  by  the  ferric  oxide,  and  subse- 
quently brought  l)ack  to  the  state  of  carbonic  oxide  by  the  charcoal,  and 
so  on.  If  the  tube  is  filled  with  nitrogen  gas,  the  reduction  is  much 
slower;  in  tiiis  case,  the  small  quantities  of  oxygen  and  hydrogen  in  the 
charcoal,  which  are  set  free  in  tho  forms  of  carbonic  oxide  and  hydrogen 
gas,  serve  to  induce  the  reduction.  (Leplay  in  Laurent^  Ann.  Chim.  Phyu 
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Titriol  with  a  caustic  alkali  or  alkaline  carbonate  and  afterwards  washed, 
to  the  air  while  yet  moist. — 3.  By  precipitating  a  ferric  salt  with  excess 
of  caustic  alkali  or  alkaline  carbonate.  According  to  Berzelius^  the  pre- 
cipitate thereby  obtained  always  contains  more  or  less  of  the  alkali  em- 
ployed.— The  native  hydrate  is  brown  or  yellow,  crystallized  in  thin 
tables,  capillary,  fibrous,  compact,  conchoitlal  or  ochrey. — Iron-rust  and 
the  hydrate  obtained  by  (2)  are  yellowish-brown,  friable,  earthy  masses. 
The  hydrate  precipitated  by  ammonia  dries  up  to  a  compact  brown  mass 
having  a  shining,  conchoidal  fracture. — If  any  of  the  looser  varieties  of 
the  hydrate,  either  natural  or  artificial,  are  gently  heated  (not  to  redness) 
80  as  to  expel  the  water,  and  the  remaining  oxide  is  then  more  strongly 
heated,  it  becomes  incandescent  without  further  loss  of  weight,  and  \  s 
afterwards  less  soluble  in  acids.  (Berzelius.)  . 

There  are  several  varieties  both  of  the  native  and  of  the  artificia 
hydrate,  differing  not  only  in  external  appearance,  but  likewise  by  th© 

Suantities  of  water  which  they  contain.       According  to  the  analyse^ 
itherto  given,  the  following  varieties  may  be  distinguished  : 

•.  FeK)*,HO.— To  this  head  belong :  a,  Needle  iron-ore  from  Obcr- 
kiichen.  (It  is  amorphous  with  Manganite  [IV,  203]  of  specific  gravity 
4"32,  and  contains  10  percent,  of  water:  Breithaupt.) — b,  Gothite  {Pyro- 
tiderite,  Euhy  mica)  from  Eisenfeld  in  Nassau.  —  c.  LepidokrokiU  from 
the  HoUertenzug  in  the  Wcsterwald.  (In  a  specimen  of  this  mineral 
from  Hamm,  Breithaupt  found  14*32  per  cent,  of  water,  and  in  one  from 
Baden  13*49  percent.)  —  cf.  Brown  Iron-ore  from  Saxony  in  pseudo- 
ciystals  of  iron-pyrites.  According  to  Kobell  {J.pr,  Cheni.  1,  181)  the 
brown  Haematite  from  Maryland  and  that  from  Beresof  have  a  similar 
composition. — e.  The  game  from  Orenburg.  (The  so-called  mineral  hail- 
•tones.) 


Kobell.  Hermann. 


a.  T.  7.  dT  e, 

FeK)»    ....  78  ....  89-65  ....  90-53     ....  86*35  ....  85*65     ....     86*34  ....  90*02 

HO   9  ....  10*35  ....  9*47     ....  11*38  ....  11*50     ....     11*66  ....  10*19 

KO"      ....  trace    ....       0*85  ....       0*35     ....       2*00 

CaO      ....  ....  trace  ....  trace 

Mn^C               ....  ....  ....       0-51  ....       2*50 

CiiO      ....  ....       0-91 

r^O*,HO  87  ....100*00  ....  100*00     ....  10000     ....   10000     ....  10000  ...100-21 

A  2Fe-0',3H0. — a.  Fibrous  Broim  Iron-ore  or  Brotm  Hcematite  from 
Vicdessos. — 6.  The  same  from  Kamensk. — c.  The  same  from  Horhausen. 
According  to  Breithaupt,  brown  htematite  contains  on  the  average  39*59 
per  cent,  of  water,  and  likewise  a  small  proportion  of  silica  which  remains 
as  a  gelatinous  residue  wben  the  mineral  is  dissolved  in  acids,  and  appears 
to  be  an  essential  constituent  of  fibrous  brown  iron^ore. — rf.  Compact 
Brown  iron-ore  from  Pr.  Minden,  in  pseudo-crystals  of  iron-pyrites,  — 
e.  Iron-rust,  prepared  according  to  (1). 


Daubis. 

Ko- 

Schon* 

son. 

bell. 

berg. 

KobcU. 

Berzdioi. 

a. 

h. 

c. 

d. 

e. 

2rr^0»    

156  . 

...  85*24 

....  82  .... 

83-38     . 

...     82-27     . 

...     82-24     , 

....     85*3 

3HO  

27  . 

...  14*76 

....  14  .... 

1501     . 

...     13-26     . 

...     13-26 

....     14*7 

8eO»  

....     1  .... 

1*61     . 

...       4-50     . 

...      4-50 

Mii«0»   

- 

... 

....     2 

2F«>0>,3HO 

183  . 

...lOOOO 

i»«f  99  ft*. 

10000    . 

...  100-03     . 

...  \oo-v> 

....  \^^'^ 

IRON. 

let-brown  fibrous  brown  iron-ore  from  Ri-^Li 

"■.:•:  proi'ipitatotl  by  amnionic  fri»m  f*  rr'.-  ' ;! 

The  I0.N.S  by  i^'nitiou  m:iy  arirf  fr  'su   .:  t:.. 

-•..!   a;?  water. — t'.'lhe  .^aiiu?   ilrit-'l   in  :'..    « 

•1;.-  Cjrrc'i-ponilf  tu  the  fonnula  PV-0  .oHn  . 


Brcithaupt. 

Gm. 

a. 

b. 

80-3       .... 

Sl-40 

19-7       .... 

1S51 

lUO-0       .   .      1(»0'»U       .  .     i  •• 

'^"    •  "'■'  .>1.  IIT).   tbe  bvlmt*?  c^tnir. 

:  rrio  i»xi«Ic   witli  ninnu»r.:.i,  rd/.i 

"•  :' "T.  TMinibors  wliifli  n::r»-'^  wi:'?!  •' 

i"ir:!»^  i>   a]*n   fnrin''!   bv  oxi-' 

-     :j  :.^  Witt^tfin   (  B;i.;li!:"»r'-  /i' 

^      -  -.-'i:  iTfcipitat^'il.  nT.taiv-  :;  i:  :: 

-  ■"  i-'ly  *<-liibli.*  ill   :u^'f]>  ..r'*" 

•     r  -I     t /•  pr»?>.ni-  tbt^  Ayp  ir.t'    . 

•    •     J  -■  '  :  :'  -r  ^••!ii«'  tini.-  iii-ltr  \rr.r. 

-     •-•  -  T!:!:*-!i  lo-*  <-.lT;bi.-  i'l  .i-.i 

:     .  :    >  ":••'.. 'h  n-ator  a*  beP'rc.  l-.r. 


■3^:^:'.    «^.\!i»r..   .r   F«:r%: 


^ 
K^ 


FERRIC  SALTS.  199 

304;  al>8tr.  Sekw,  32,  452.)  The  solution  may  also  bo  neutralized  with 
potash,  then  largely  diluted  and  boiled.  A  solution  of  the  sulphate  is 
best  adapted  to  tbe  purpose,  because  the  basic  sulphate  of  ferric  oxide, 
which  is  at  first  precipitated,  is  insoluble  in  water,  whereas  the  basic 
faydrochloratc  is  slightly  soluble,  and  the  basic  nitrate  more  so.  (M. 
Sheerer,  Pogg.  40,  306.)  Metallic  iron  immersed  in  ferric  salts  protected 
from  the  air,  converts  them  into  ferrous  salts :  e,  g, 

Fe"0>,3S(y  +  Fe  =  3(FeO,80»). 

The  same  effect  is  produced  by  other  metals,  even  by  silver  at  a  boiling 
heat,  whereas,  at  ordinary  temperatures,  a  ferrous  salt  by  contact  with  a 
tfilver-salt  is  convertetl  into  a  ferric  salt,  and  silver  is  proi^ipitated  in  the 
metallic  st«ite.  (I.  132.) — Phosphorous  acid  converts  ferric  into  ferrous 
salts,  with  forniation  of  phosphoric  acid,  slowly  in  the  cold,  immediately 
on  the  application  of  heat.  (Berthier,  Ann,  Chim.  P/tt/it,  50,  3G3.)     Phos- 

Jihoric  oxide  f(»rms  a  white  precipitate  with  hydrochlorato  of  ferric  oxide. 
Levorrier.) — Sulphurous  acid  reduces  ferric  salts  to  the  state  of  ferrous 
salts  with  great  facility,  cspeciiillv  if  the  solution  is  heate<l.    (A.  Vogel, 
J.  pr.  Chnn.  21),  281.)     The  effect  observed  by  R.  Phillips  {Phil.  Mng.  J. 
2,  75)f  that  sul])hurous  acid  imparts  to  ferric  sulpiiate  a  deep  red  coluiir 
which  disappears   in  a  few  hours  w^ithout  reduction  of  the  salt,  must  be 
attributed  to  the  presence  of  nitric  acid,  inasmuch  as  ho  used  green  vitriol 
oxidized   by  boiling   with    nitric   acid.  —  Protociilorido  of  tin  likewise 
reduces  ferric  to  forr<»us  salt*«;  so  also  does  trithionic  acid.  (Porsoz.) — A 
dilute  solution  of  ferric  ciiloride  imparts  a  blue  colour  to  an   alcoholic 
solution   of  gniac-resin.  (Unverdorbon.)  —  Hydrosulphiiric  acid  converts 
ferric  salts  which  contain  one  of  the  stronger  jicids  into  ferrous  salts,  with 
precipitation  of  sulphur.     In  a  8oluti<m  of  the  hydr(»clilorate    but  not  in 
the  acid  acetate)  a  small  quantity  of  sulphuric  acid  is  produced,  even  in 
the  cold.  (H.  Hose,  Pw/{/.  47,  101.)     If  the  ferric  oxide  is  dissolved  in  a 
weaker  acitl,  sulphuretted  hydrogen  throws  down  a  black  precipitate  of 
hydrated  sesquisulidiide  of  iron  :  e,  g.,  from  the  solution  of  ferric  oxide  in 
Tcgetable  acids,  sudi  as  acetic  aci<l,  when  the  acid  is  not  in  excess;  or 
from  a  solution  of  the  oxide  in  a  mineral  acid  mixed  with  acetate  of  soda; 
part  of  the  iron,  however,  always  remains  dissolved  in  the  form  of  ferrous 
oxide.  (Wackenroder,  3'. /»V.  .(rr//.   16,118.)     Alkaline  hydrosulphates 
precipitate  the  iron  conijdetely — in  the  form  of  black  hydrated  sesqui- 
sulphide,  if  the  iron-salt  is  poure<l  into  an  excess  of  the  alkaline  hydro- 
snlphate,  but  as  a  mixture  of  hydrated  sosquisulphide  and  sulphur,  in  the 
contrary  case.     The  precipitated  sesquisulphide  is  inscdublc  in  excess  of 
the  alkaline  hydroHulpliate;    if,   however,  the  solution   is  very  dilute,  a 
small  quantity  of  the  suljphide  remains  dissolved,  imparting  a  green  colour 
to  the  liquid  (H.  Uo^e),  an<l  is  <leposited  on  exposure  for  some  time  to  the 
air^  or  on  the  addition  of  hydrosulphite  of  ammonia.    (Wackcnroder.) 
The  precipitated  sulphide  acquires  a  rusty  brown  colour  when  exposed 
to  the  air;    it  dissolves  easily  in  mineral  acids,  but  not  in  acetic  acid. 
(Wackcnroder.) — An  aqueous  solution  containing  not  less  than  1  part  of 
iron  in  100,000  parts  of  water  gives  a  black  precipitate  with   hytlrosul- 
phate  of  ammonia;  with  200,000  parts  of  water,  a  dark  green  mixture  is 
produced;    with   400,000  pts.  a  greyish-green;  and  with  800,000  pts.  of 
water,  a  greyish-green  colour  after  a  few  minutes.     A  similar  effect  is 
produced  by  bihydrosulphate  of  potash.  (Roth,  Repert,  47.  3<)8.)    Hypo- 
salphite  of  soda  produces  with  ferric  salts  a  blackish-red  colour,  which 
disappears  in  a  few  hours,  the  ferric  salt  being  ToducQ&  lo  l\i«  lQ;txo>aA 
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y,  Fe*0*,2H0.^ — a.  VioIet-^ro\m  fibrous  brown  iron-oro  from 
fij),  gr.  3  34. — h.  The  hydrate  |>reripitated  by  ammorua  from  ft-rrl4 
chlorate  and  tlried  at  100-,     The  loss  hy  ignition  raiiv  nn^  from   ft  i 
quiintitj  of  ammonia  as  well   ilsj  water, — ^c/'Ihe  same  ilm*«l    id    tho 
(the  composition  of  this  neatly  corr^spomU  lo  the  forsuala  Fe'OVUHOl 
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%  According  to  Schaffnor  (Ann.  Phann.  51,  117).  the  hydra  to  oblsifli^ 
by  precipitating  hydrochlomte  of  ferric  oxide  with  ammonia,  contdoi 
80 "74  p.  c.  ferric  oiido  and  10' 20  water,  numliers  which  ngr^  with  tin 
formula  Fe'0'H-HO.  The  same  hydrate  is  also  formed  hy  pxpti«iii| 
fermte  of  potash  to  tlio  air.  According  to  Wittf?teifi  (Buchner't?  nep^ 
43,  3G7),  hydrate<l  ferric  oxide,  when  first  precipitated,  et>ntain»  3  altJini 
of  water,  Fe'0'',3H0j  and  in  that  8tate  h  caisily  soluble  in  act?f  ic  or  tiim 
acid,  and  when  examined  by  the  microscope  present*  ttic  app-^araiico  d 
an  amoq^hoiifl  powder.  But  after  being  kept  for  »omo  time  nnder  wwtfT.il 
acquired  a  cryptalline  Ftrueture,  and  becomes  mnch  less  SDlabte  in  adik 
In  this  stat6j  it  is  found  to  contain  lialf  a«  much  water  ba  befbrt^  btisj^ 
in  fact,  composed  of  2Fe'0*,aH0.  % 

h.  With  Acids,  forming  the  Salts  of  Ferric  Oxiue,  or   Fenatc 
Balts, — Per-mltfi  rtf  Iron, — The  alBnity  of  ferric  oxide  for  acids  is  niudi 
less  than  that  of  ferrous  oxide.     Crystallized  and   ignited  ferric  \>xiA*i 
dissolves  very  slowly  in  acids;  the  hydrate  dissolrefl  easUy.     Ferric  «dt« 
are  likewise  prodaced  by  expos<mg  ferrous  and  ferroso-fenrie  salt*?  t  •  '^  • 
air,  or  by  heating  them  with  nitric  acid,  or  by  bringing  them  in  - 
with  chlorine-water,  or  with  other  bodies   containing   oxygen; 
dissolving  iron    in  nitric  acid^   or  in  another  acid  mixed  with  nitr 
and  heated. — The  dohydrated  salts  of  ferric  oxide  containing  3  at 
acid  are  mostly  white:  the  hydrated  and  the  more  ba^icBoIt^  art*  gtr 
brown  or  browniJiih-yellow;  thoso  winch   are  soluble   have  an   lul y  ) ;  > 
more  astringent  than  that  of  the  ferrous  salts.     Thev  give  oiT  iJi   u    .r  J. 
if  it  is  volatile,  at  a  red  heat,  and  exhrhit   ticfore   tlic   ^^ 
reactions  of  ferric  oxide.     One  atom  of  ferric  oxide  recju 
acid  to  form  a  normal  salt,  and  the  salts  thus  formed  ar**  Utt  tin 
part  soluble  in  water,  and  when  dissolved,  redden  litmus.      Many  * 
aolutions*  when   deprived  of  part  of  tlieir  acid  by  an  alkali,  ac) 
darker  red-brown  colour,  and   if  subsequently  boiled,  defio<iii  hy 
ferric  oxide  or  a  biuuc  salt.  (Herschcl,   M^^f///.  25,  (f2H,)     The  ferrii 
is  precipitated  in  greater  quantity  a*  the  »olati4»n  ia  more  dilate.      ' 
example,  ammonia   he  added  to  a  dilute  solution  of  a  fcrfie  iwlt,    t 
Liquid  is  perfectly  neutral,  ferric  oxide  is  depoi^ited  on  the  appli*  -. 
heat;  and  if  the  liquid  be  again  neutnilixe*]  after  cooling,    it  v 
l^h  precipitate  of  ferric  oxide  when  heated^and  «o  on,  »>'!   ■ 
ia  pri5Ct|jitated.     The  complete  precipitiition  of  the  ferric  « 
onceeffecUHl  by  heating  the  iron  solutirm  to  the  Wiling  |w^<...,  •».! 
it  with  dilute  amnmnia  till  it  oo  longer  reddens  litmus,  or  till  it  %< 
a  %'cry  wlight  alkaline  reaction;  under  these  circumstances;.  '^       - 
of  mangartf^ite,  nifkrl,  ci>ha1t,  and  likewise  of  ceriuni,  are  r 
tkm.    (Hvnchc},  i*h%L  Tram.  1821,  203j  also  ^nn,  tatiw,  /^>*,  M 
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304;  al>8tr.  ^w.  S2,  452.)  The  solution  may  also  bo  nentralized  with 
potash,  then  largely  diluted  and  boiled.  A  solution  of  the  sulphate  is 
best  adapted  to  the  purpose^  because  the  basic  sulphate  of  ferric  oxide, 
which  id  at  first  precipitated,  is  insoluble  in  water,  whereas  the  basic 
faydruchlorate  is  slightly  soluble,  and  the  basic  nitrate  more  so.  (M. 
Sheerer,  Pog^,  49,  306.)  Metallic  iron  immersed  in  ferric  salts  protected 
from  the  air,  converts  them  into  ferrous  salts :  e,  g, 

FtfO>,38(y  +  Fe  =  3(FeO,80»). 

The  same  effect  is  produced  by  other  metals,  even  by  silver  at  a  boiling 
heat,  whereas,  at  ordinary  temperatures,  a  ferrous  salt  by  contact  with  a 
silver-salt  is  converted  into  a  ferric  salt,  and  silver  is  precipitated  in  the 
metallic  state.  (I.  132.) — Phosphorous  acid  converts  ferric  into  ferrous 
salta,  with  formation  of  phosphoric  acid,  slowly  in  the  cold,  immediately 
on  the  application  of  heat.  (Berthier,  Ann,  Chim.  Phys,  50,  363.)     Phos- 

fihoric  oxide  forms  a  white  precipitate  with  hydrochlorate  of  ferric  oxide. 
Leverrier.) — Sulphurous  acid  reduces  ferric  salts  to  the  state  of  ferrous 
salts  with  great  facility,  especially  if  the  solution  is  heated.    (A.  Vogel, 
J.  pr.  Chem,  29,  281.)     The  effect  observed  by  R.  Phillips  {Phil  Mag.  J. 
2,  75),  that  sulphurous  acid  imparts  to  ferric  sulphate  a  deep  red  colour 
which  disappears  in  a  few  hours  without  reduction  of  the  salt,  must  be 
attributed  to  the  presence  of  nitric  acid,  inasmuch  as  he  used  greeu  vitriol 
oxidized   by  boiling   with    nitric   acid.  —  Protochlorido  of  tin  likewise 
reduces  ferric  to  ferrous  salts;  so  also  does  trithionic  acid.  (Porsoz.) — A 
dilute  solution  of  ferric  chloride  imparts  a  blue  colour  to  an  alcoholic 
solution  of  guiac-resin.  (Unverdorben.)  —  Hydrosulphuric  acid  converts 
ferric  salts  which  contain  one  of  the  stronger  acids  into  ferrous  salts,  with 
precipitation  of  sulphur.     In  a  solution  of  the  hydrochlorate  .but  not  in 
the  acid  acetate)  a  small  quantity  of  sulphuric  acid  is  produced,  even  in 
the  cold.  (H.  Rose,  Pogg,  47,  161.)     If  the  ferric  oxide  is  dissolved  in  a 
weaker  acid,  sulphuretted  hydrogen  throws  down  a  black  precipitate  of 
hydrated  scsquisulphide  of  iron  :  e,  g,y  from  the  solution  of  ferric  oxide  in 
vegetable  acids,  such  as  acetic  acid,  when  the  acid  is  not  in  excess;  or 
from  a  solution  of  the  oxide  in  a  mineral  acid  mixed  with  acetate  of  soda; 
part  of  the  iron,  however,  always  remains  dissolved  in  the  form  of  ferrous 
oxide.  (Wackenroder,  N,  Br,  Arch.  16,  118.)     Alkaline  hydrosulphates 
precipitate  the  iron  completely — in  the  form  of  black  hydrated  scsqui- 
sulphide, if  the  iron-salt  is  poured  into  an  excess  of  the  alkaline  hydro- 
sulphate,  but  as  a  mixture  of  hydrated  scsquisulphide  and  sulphur,  in  the 
contrary  case.     The  precipitated  scsquisulphide  is  insoluble  in  excess  of 
the  alkaline  hydrosulphate;    if,   however,  the  solution  is  very  dilute,  a 
small  quantity  of  the  sulphide  remains  dissolved,  imparting  a  greeu  colour 
to  the  liquid  (H.  Rose),  and  is  deposited  on  exposure  fur  some  time  to  the 
air,  or  on  the  addition  of  hydrosulphite  of  ammonia.    (Wackenroder.) 
The  precipitated  sulphide  acquires  a  rusty  brown  colour  when  exposed 
to  the  air;   it  dissolves  easily  in  mineral  acids,  but  not  in  acetic  acid. 
(Wackenroder.) — An  aqueous  solution  containing  not  less  than  1  part  of 
iron  in  100,000  parts  of  water  gives  a  black  precipitate  with  hydrosul- 
phate of  ammonia;  with  200,000  parts  of  water,  a  dark  green  mixture  is 
produced;    with  400,000  pts.  a  greyish-green;  and  with  800,000  pts.  of 
water,  a  greyish-green  colour  after  a  few  minutes.     A  similar  effect  is 
produced  by  bihydrosulph.-itc  of  potash.  (Roth,  Repert.  47,  368.)    Hypo- 
sulphite of  soda  produces  with  ferric  salts  a  blackish-red  colour,  which 
disappears  in  a  few  hours^  the  ferric  salt  being  reducod  to  t\i«  l^xxo>aA 
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state*  (Lenz,  Ann^   Phmin.  40,  101.)     Tbe  red  colonriDg  is  produced 

even  wbou  the  liquid  is  quite  free  from  citric  acid,  and  it  disappears  in  a 
few  seconds,  (Gm.)  The  liydrated  sulphides  of  niangatiese^  coVjalt,  and 
niekcl  throw  down  sesquisulphide  of  iron  from  a  tsolution  of  ferric  lijdro- 
chlorntc.  {Anthon.) 

All  caustic  alkalis  added  in  sulficicnt  quantity  to  ferric  ealtfi,  tlirow 
down  yellowish -brown  flukes  of  liydrated  ferric  oxide,  which,  according 
to  Berzeliu.s,  carries  more  or  less  of  the  alkali  down  with  it,  and  is  inso- 
luble in  excels  of  the  alkali,  %  According  to  Sebafiner,  hytlrated  ftnio 
oxide  precipitatcil  by  ammuuia  is  perfectly  free  from  that  alkali,  so  that 
when  it  is  ignited  with  carbonate  of  lead-oxide  in  a  tube,  the  zna  wkicik 
escapes  pa^ssed  into  hydrochloric  acid,  and  the  liquid  afterwarda  treatil 
with  chloride  of  platinum*  not  a  trace  of  cliloroplatinate  of  amnioiiiilin  if 
obtained* — According  to  Wittateiu^  hydra  ted  ferric  oxide  is  slicbtlj 
soluble  in  strong  caustic  pota.«?h;  SchafTner,  on  the  other  hand,  is  of 
opinion  that  the  oxide  supposed  to  he  dissolved  by  the  potash  is  njewfly 
JD  a  state  of  fine  nicchaincul  sospeaslon  IT, — The  nionocarbona^tes  of 
amnion ia>  potash,  and  soda,  and  likewise  the  bicarbonates,  yield  the  sAflM 
precipitate  as  the  caustic  alkalis;  it  is,  however,  of  a  lighter  brown  colour 
(becoming  darker  on  boiling);  contain:?  a  email  quantity  of  carbonic  acid; 
and  if  the  liquids  are  somewhat  concentrated,  dissolves  in  excels  of  the 
alkaline  carbonate,  forming  a  red-brown  solution.  The  precipitate  ia  not 
dissolved  on  pa^Bing  chlorine  gas  through  the  liquid.  (WacKcnroder,)^ 
The  carbonates  of  baryta,  lime,  raagneeia,  manganous  oxide,  zinc-oxidCp 
and  cupric  oxide,  likewise  precipitate  ferric  oxide  coinpletelvi  even  il 
ordinary  temperatures;  any  ferrous  oxide  that  may  perchance  oe  preacnl 
remains  dissolved,  unless  the  liquid  is  heated  to  the  boiling  point,  (Fachi, 
fSchii\  €2,  184;  t\  KobclL  J,  pr,  Clum,  1,  80.)  Carbonate  of  strontia  aclf 
in  the  same  manner.  (Demar<^ay,  Ann.  Pharm,  11,  240  ) — Phusphate  of 
soda  tbrows  down  white  phosphate  of  ferric  oxide  (even  to  the  fiAccn* 
hundredth  degree  of  dilution  :  Pjoff)  which  tunis  brown  when  treated 
witb  ammonia,  and,  if  the  phosphate  of  soda  is  in  excess^  diasolrcs  ia 
ammonia,  forming  a  red-brown  solution.  —  Arseniate  of  sod»  throwi 
down  white  arseniate  of  ferric  oxide  (even  when  the  soluliun  \h  diluted 
20,000  times  :  Pfi'f)^ — A  solution  of  ferric  hydn>cbl4)rate  mixed  with 
acetate  of  soda  or  formiate  of  potash,  deposits  the  whole  of  the  iron,  oa 
boiling,  in  tlie  form  of  a  precipitate  which  re-dissolves  as  the  liquid  co«K 
or  on  being  washed  with  cnfd  water.  (Liebjg,  Jw?*.  Pharm.  17,  5L)^ 
Alkaline  succinates  and  bonzoates,  give  a  light  reddish-brown  pn?cipi' 
tate  with  ferric  salts  (up  to  the  ;j04)0th  degree  of  dilutlou  :  fy'ttf),  proTidfld 
no  excess  of  acid  is  present, — Tin r tare  of  galls  imparts  a  blui^h-hWk 
colour  to  ferric  salts,  and  then  precipitates  them.  With  ferric  t 
chlorate  tlie  precipitation  takes  phice  t»p  tt*  the  120,000th  degree  d 
lion  {Pfoff)'j  with  1  part  of  iron  h\  200,000  parts  of  the  solution*  a  l>lu  i 
black  tint  is  still  produced;  with  1  pt.  of  iron  in  400^000  ptA,  of  tbt  - 
tion,  ft  greenish  blue;  and  with  800,000  pts.  of  water,  the  last  \ 

colour  apf>ear8  after  a  few  minutes,   (Hoth.)     The  limit  of  the  : 
attaiiMd  when  1  part  of  ferric  oxide  (in  the  state  of  sulphal**)  \»  eonin  :  >  i 
in  r100,00|>  parts  of  the  solution.   (Hartig,  J.  pr,  Chttn.  22,  51.*^     Ii     '^ 
i ron^sa U  con tai ns  an  excess  of  one  of  the  stronger  aci'ls,  no  pr 
tal  iijile«i«  ucetato  of  pota*<h  is  added ;  tbe  l»luish-black  f 

d  Wdrochitjric  acid»,  and  acquires  a  dark  purjdr-rc'i 

f  »  0nmll  ouantity  of  ammonia. — Meconic  acid  aiiu  -* ;.^ 

trt  a  brignt  red  colour  to  ferric  salts. — Alkaline  iiidigoUI«i 
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prodnce  the  same  efieot  (Pfaff);  so  likewise  does  free  indigotic  acid.  (Gm.) 
Hydrosalphocyanio  acid  and  soluble  sulpliocyanldes  impart  a  blood-rea 
colour  to  concentrated  solutions  of  ferric  salts,  and  a  reddish-yellow  to 
dilate  solutions.  This  colouring  is  produced  in  solutions  of  sesquichloride 
of  iron  to  tho  20,000th  degree  of  dilution.  (Pfaff.)  1  part  of  iron  in  the 
form  of  sesquichloride  dissolved  in  25,000  parts  of  wat,er  exhibits  a  red 
colour;  in  200,000  pts.  an  orange;  in  800,000  a  very  pale  orange;  and  in 
1,600,000,  a  scarcely  perceptible  yellow.  Hydrosulphocyanic  acid  is 
therefore  the  most  delicate  of  all  tests  for  ferric  salts.  (Roth.)  The 
colouring  is  not  destroyed  by  hydrochloric  acid  unless  the  acid  is  in  very 
great  excess. — Ferrocyanido  of  potassium  added  to  ferric  salts  throws 
down  Prussian  blue.  The  effect  is  apparent  to  the  100,000th  degree  of 
dilation  (Pfaff) ;  with  1  pt.  of  ferric  oxide  (in  the  form  of  sulphate)  dis- 
solved in  420,000  pts.  of  water.  (Hartig,  J,  pr.  Chem.  22,  51.) — The  pre- 
cipitate is  insoluble  in  hydrochloric  acid.—  Oxalic  acid  produces  a  yel- 
lowish colour  in  ferric  salts,  but  without  precipitation. — All  ferric  salts 
which  are  not  soluble  in  water  either  dissolve  in  hydrochloric  acid  or  are 
decomposed  by  it.  They  are  not  soluble  in  solution  of  sal-ammoniac. 
(Brett.) 

IT  Ferric  salts  are  reduced  to  the  state  of  ferrous  or  ferroso-ferrio 
salts  by  many  vegetable  substances,  e,  g.  fresh  grass,  the  green  branches 
of  trees  and  shrubs,  hay,  wood-shavings,  saw-dust,  peat,  and  coal 
effect  the  reduction  at  ordinary  temperatures;  sugar,  starch,  gum,  alcohol, 
turpentine,  and  shreds  of  paper,  at  a  boiling  heat.  (Stenhouse,  Ann, 
Pharm.  51,  284.)  IT. 

Ferric  Acid.     FeOM 

Known  only  in  combination  with  certain  bases,  as  potash,  soda,  and 
baryta,  with  which  it  forms  red  salts  (see  these  salts,  especially  Ferrate  of 
poioih). 

Iron  and  Hydrogen. 

Ferruretted  Hydrogen  Gas  1 — Hydrogen  gas  prepared  by  dissolving 
iron  in  dilute  sulphuric  acid  contains  a  small  quantity  of  iron,  which  it 
deposits  after  a  while  on  the  sides  of  the  containing  vessel  in  the  form  of 
a  brown  powder.  (Thomson,  System  of  Clieniistry.) — If  the  gas  evolved 
on  dissolving  iron -wire,  filings,  or  nails  in  dilute  hydrochloric  or  sulphuric 
acid,  be  passed  through  four  buttles  filled  with  potash-solution,  and  through 
a  tube  filled  with  asbestos,  in  order  to  retain  any  iron  salt  mechanically 
carried  over,  it  still  retains  iron  and  a  small  quantity  of  phosphorus, 
although  when  passed  through  re-agents  for  detecting  iron,  it  exhibits  none 
of  the  usual  characteristics.  It  must  be  regarded  as  hydrogen  gas  con- 
taining small  quantities  of  ferruretted  and  phosphuretted  hydrogen. — It 
has  a  metallic  odour,  likewise  resembling  that  of  garlic.  When  ignited 
at  the  orifice  of  a  tube,  it  burns  with  a  flame  which  is  yellow  at  the  cir- 
cumference and  green  in  the  interior,  and  deposits  rusty  brown  and  often 
iridescent  spots  on  a  porcelain  capsule  held  before  it;  the  gas  prepared 
with  hydrochloric  acid  deposits  these  spots  more  abundantly  than  that 
obtained  with  sulphuric  acid.  The  spots  disappear  immediately  in  chlo- 
rine gas,  and  dissolve  in  nitric  acid,  forming  a  ferric  salt.  Strong  nitric 
acid  through  which  the  gas  has  been  passed  for  some  hours,  is  found  to 
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stancca  does  not  form  steel.  (Gaultier,  J,  Thxrm,  13,  18.)  An  iron-wire 
immersed  in  melted  cast-iron,  which  is  kept  at  a  rod  beat  for  four  boars 
after  solidification,  is  found  to  be  converted  into  steel.  (Degen.) 

Tbe  outennost  layer  of  iron  takes  up  the  carbon  with  wbicb  it  is  in 
contact,  transfers  it  to  the  next  layer,  and  so  on,  till  the  carbon  is  disse- 
minated throughout  the  whole  mass.  In  a  similar  manner,  iron  rich  in 
carbon  is  converted  by  ignition  in  contact  with  air,  e,  g.  in  the  refining 
process — into  wrought-iron,  although  the  air  does  not  come  in  contact 
with  all  the  particles ;  the  carbon,  in  fact,  travels  from  within  outwards 
till  equilibrium  is  established.  (Berzclius,  Jahresber.  18, 160.) — The  atoms 
of  iron  which  have  combined  with  carbon  at  the  surface,  turn  half-round, 
give  up  their  carbon  to  the  iron-atoms  immediately  within,  take  up 
another  portion  at  the  surface, — and  so  on,  till  the  two  substances  have 
penetrated  one  another  completely.  At  a  red  heat,  the  iron  is  sufficiently 
softened  to  allow  this  rotation  of  the  atoms.  (Becqncrel.)  Degen  likewise 
admits  the  probability  of  a  galvanic  movement  of  this  kind. — Leplay  & 
Laurent  suppose  that  the  carbonization  of  the  iron  is  due  to  the  action  of 
carbonic  oxide  gas,  which  is  produced  by  the  inanition  of  the  charcoal,  and 
penetrates  the  softened  metal,  giving  up  part  of  its  carbon  to  the  iron,  and 
Doing  thereby  converted  into  carbonic  acid  gas.  At  all  events,  they  found 
that  when  charcoal  and  iron  placed  in  two  separate  little  porcelain  boats, 
were  heated  to  whiteness  in  a  porcelain  tube,  the  iron  was  converted  into 
steel  containing  0*7  per  cent,  of  carbon ;  nevertheless,  they  admit  that 
this  effect  might  be  due  to  the  carburetted  hydrogen  gas  evolved  from  the 
charcoal,  especially  as  no  carbonization  of  the  iron  took  place  if  the 
charcoal  had  been  very  strongly  ignited  before  the  experiment,  or  when 
pure  carbonic  oxide  was  passed  over  red-hot  iron. — More  recently  Laurent 
Las  put  forth  the  view,  that  the  carbon  volatilizes  at  the  cementing  heat, 
and  penetrates  the  iron  in  the  form  of  vapour;  and  moreover,  that  the 
carburetted  hydrogen  ga5  evolved  from  fresh  wood-charcoal,  and  the 
cyanogen  evolved  from  animal  charcoal,  may  likewise  contribute  to  the 
carbonization  of  the  iron.  (Ayui.  Ckim.  rhya.  (d^,  403  and  417;  also 
J.  pr.  Chem.  13,  284  and  295.)  The  observations  which  Laurent  adduces 
in  favour  of  this  theory,  do  not,  however,  establish  the  volatilization  of 
carbon  at  so  low  a  red-heat;  and  even  if  carbon  vapour  were  produced, 
the  carbon  would  be  deposited  from  it  only  on  the  surface  of  the  iron,  and 
could  not  penetrate  the  metal  in  the  gaseous  form  :  for,  Laurent's 
assumption  that  iron  when  softened  by  ignition  is  permeable  to  gases,  is 
contradicted  by  the  fact  that  bubbles  are  produced  in  the  interior  of  the 
iron  during  cementation— consisting  of  carbonic  oxide  gas  formed  in 
places  where  the  carbon,  as  it  penetrates  the^iron,  comes  in  contact  with 
scale-oxide — and  these  bubbles  are  unable  to  escape  through  the  pores  of 
the  iron.  (Degen,  Aim.  Pharm.  'JO,  2GI.) 

According  to  Karsten's  observations,  carbon  appears  to  exist  in  com- 
bination with  iron  in  three  diflfcrent  ways  :  1.  Combined  with  the  whole 
of  the  iron  (iron  completely  satur.ited  with  carbon  at  the  melting 
point  appears  to  be  Fe*C);  — 2.  Combined  with  part  of  the  carbon,  forming 
ter-carbide  of  iron,  FcC^  which  compound  is  diffused  throughout  the  rest 
of  the  iron; — 3.  In  the  free  state,  forming  lamina?  of  (/rap/tite, — bein^,  in 
fact,  carbon  free  from  iron,  separated  by  slow  cooling  from  a  mass  of  iron 
saturated  with  carbon  at  the  melting  heat. — The  more  quickly  iron  com- 
bined with  carbon  is  cooled  aft^r  fusion  or  ignition,  the  greater  is  the 
quantity  of  carbon  which  remains  combined  with  the  whole  of  the  iron;  tke 
slower  the  cooling,  the  greater  is  the  quantity  o!  ¥eC?  \>ioiw^^, — «>.^"^  \^. 


^e  -r-^  1^  ~-  ^  T*  — >  ^KnTar--:  -i-m  arrcn  ii  tk  writing  poini— 
1=  z    i-r  -j.:-^    :     -Lr- -r  - — zt-   j-"-i:=r    -  ":::•?  1311.02.1  ^  carbon  which 

«-T-..T.:  -   -  --     -    ~  -  J— .r  _:  -• ?.      H-c—r.  ts*  properties,  and  in 

Tar-.  --_:j:.     l-   .-t-ji  --  ^^  :r^~-i   r- 11.    irfpeiiii  not  merely  on  the 

pr-r.  -':  ~  :  ..-  :.  ::  zr-  --— i:^-  1.:=-  .  :a  lie  peculiar  manuerin 
"»^'.'n  -.L2.:  -^  r--:-z  ■-  ^  -  ji  z-. -rr^  .1.  Tj**  rnf&ier  the  qoantit J  of 
•ar-.  ~  n  -  ~  z-.:  :  t::-  ht^  '•"i  ^  -i  iie  it-jc  the  harder  is  the 
einzi  iz  L   iz  1   "z..  ■=.  7^  -  err. --,.--7  il^  -  r-asc  nscin^  and  the  action 

7"-"  -z7  -  -... .  -  :  --It  -it-  ^  Ji  rar-raz«c:*i  irrn  may  be  distin- 
ri:.-£:-i    :-    -.-  ij  -ij^.z  ^r  ?r-=-!:~ri     a  r^ir^r  ti*  compound  frith 

1  "-.— '  z  z  •  T  z."*  z  '^^  ':  "-i"  '»■ :  ■•»  .f  "ie  ir«>a.  Daring  the 
iCLii-  z.  f-r:-;  .^1  -  :  -.~  ..-  -•  -^  ?i-?-.  iz-L  Tr'zlt*  f  Lc-iron. an  offensive 
fcn'L  f  17:-:*  r-z  ^.-  i~-:-Z-z^  -._--:.  a  j?  f~:[x*£.  4- J  ai  volatile  oil  and 
a  TiT-rz  X  I- .  -  -^:  --^  --  LT-  ;r  'i:^---L  Ti-i  aj£rv-s«n  gas  derivea  its 
earT«ii  li-i  -..-  :■  :r  j-z"^.!-  r-.oi  tie  T.-^iil*  oil,  ran  of  which, 
aTv^-*r.  ?:z:.:^:-  -zzi  v  ^  -_:-  zi*.'i~-L  izi  i*  z-^  completeiT  expelled 
H—  ifr^r  L-  T^  ":•  ..  -^  -r--_:  -.:r  il- ■:.  "'V"i»:-J:'!r  ;ie  hrdrogen  gas  likewise 
etdziiz.;  .nr«  z  .z  iz  -_  7  :  m  :  .-  ui":!za.:-:z^.  c.  a»  ma^-gaff,a8is 
scffiLifCiz::*  •:7-t-:-i — T^.  z  T-  ;:  z.- 1.  z  :  7:^11: listeil  hj  anv  definite 
exTrrzr-rz:  : : ! :  m-  -  i.lz  L  ;..-  •  .rLz^ :  ?r  c^z  y.Grs\^,i.29o)  1  yolnme 
cc -ltt  ri?  :  '  ..'i-i  :-  •->••:-  r  1.  s^'z-  :^i  i-::k~:'fr  izza  air,  consumes  onlj 
lAjfiT  ;iz;-f  ■:  -■  rr ---«■.:': z  :^-  ::i::-i  "«-.:"i  i  T:"^n:e*of  that  gas. — pro- 
lar  Ij  ••f^.-a.ir-:  "- :  >  ""1 7*  1-  r.  t:  j^-:  T  zz':  zrz.:.  ]  Tir  son  Id  forms  a  black- 
lr:»^  r«:r.  :?  z::Lf(?.  t:  -;  iS:  r  t  tii  r^  izi  irrizr.  dissolves  in  }Hita«h, 
fcmlzj  1  :lic"i-"  r  Tz  s  ::.  I  iz  L  tztiz  i-£i:oL  b^m*  with  an  odoarof 
Jk^z.  ^'r.'-  z'  ^-j.--^  II-  :  rr  r  i- i;.  Tr-r  r.rrrAiivn  of  the  oil  appears 
to  IrZKi'.  -J.  7  :.  •  r-7>:ii.-  :_ .:  —i/.z  :z-:  :r*.^n  c«>mbiue5  with  the 
ox  jiTr  z  :"  : '_  T  -  . : : :  : ;  1  r:  ;'  :  1 .  :  .-  ir  j-  = .  '■*  L  ile  i .-  *  t?t  ^  n  •  i*C€ u  t  itali 
iir:>:^  "=::>.  ^  :  r:  :  .•"  *..::  xr".'  z  "»r:  ;_  -a-ii  i^  c^r^bi nation  with  the 
wL.'..:  .:  :ir  .r  z.  -- 1  -r-:.-^-  •"  -  ;i'.r  -.::-?:iz..v.  In  the  fonn^it'on 
of  :lv  n.  .". ;  z  :  : "v  L*  'r  .-  -  :":  z  :.:  ^^^^.r.  bu!  likowi-so  a  j»ortion 
of  ;}.e  w.,:  r  ::-.:"  r  >  - ".  -.  :s  .:•  roirf  :  •.:r.::o  with  ar.i  thor  part  of 
the  «.ir«-  z  -b":  .  t  :^  v  .- :  1  «  ■".  :..-■  -ar':.  >  r::*.-*  of  in»n.  and  thon?l»v 
C'-r.T.r.  .:  r.:  r.  _". :  — '.V.  -.-.  :..—  ;  jl:.  :  r  aj-.i-r*:  jia  i.-  nia'lo  to  act  «»n 
harieC'L  i  r>-"  r  "1.  -.^  : :,-  7  t..  :.  ".".  :-  :  mn^I.  an«l  in^t('ad  of  the 
blatk-{  r  -.vr.  :.  .  .'.  1.  .1  r-:  :-•  r  -v.  - ..':  -:"i:-..o  ^  f  tiiaiiar  character  is  funned, 
wh  •■:.  }a':ly  1.^-  >.  ■  -  :r.  ::.-  :.  ::.  •  :i.. :  ;  "  .  .: :.  imj-arlinir  to  it  a  browni^h- 
yelli.w  t?'  :■•  ;r.  T-.i-  r-  W\  r  «:.  v..  .."  1  :-  *  r'l-abiy  iii>tin^iiialiod  from  the 
bl:nk-liri.vn  •  v  ..■  :.•...::  ;:: j  .  :.o  .  f  ::..  ..\:io?  k^  uiiri»;ron.  and  jn'rhajs 
aIe>o  by  a  lari'^-r  i-r  ■}    r:  ■.  :i  ■  t    \y«v  r. 

2.  Fi'".  ^^  ii- :.  'I.i.Tf  >i.*.i  l.i:::o  r  Isv.ln'cliluric  acid  arts  uj^'n 
filouly  f<nil»-il  liir-ir  :\  v»l.i.'.i  a'.wav-  ro:;iiii<  a  nmall  jK»rtion  of 
carbon)  or  r.n  «.l(.\vly  •■-  .  l.-.i  >tiol  i-r  i-n  ltov  j-i^r-iron — the  action  not 
lK?iiijr  allowi'd  to  L'"  f\\  I  •■  !•  nj — ilu  ro  remains  (besides  the  mould,  wbirh 
may  Ix?  div-«.lvc  1  «.ut  by  i:i::>tii*  pi'ia-h^.  a  i-rajdiiie-likc,  but  inagni'tic 
muk'i,  \\\\\v\\,  if  biiTTit  nfti  r  wa^liiin:  an«l  lirviiii:.  leaves  from  82  to  J»4  i»or 
rent,  of  fi-rric  o,\i.If.  ui:d  is  jiii.bablv  therefore  FeC*.  (Karston,) 
[FeC^=27 -- IS- 4."»:  ooiiM'(|iniiily  lOU  ].arts  of  it  contain  (JO'ST  per 
cent,  of  iron,  aii'l  !!»<»•  \\r\A  si;  :»G  ]».  c.  of  ferric  oxide.]  Bn»nieii 
doiibtMtheexl'^triir*'  of  FfC-  in  rarbim'tted  iron;  at  all  events,  he  remark.*, 

n  thiH  rarlmrrttetl  iron  is  di>Hilveil  in  aci<Is,  the  residual  graphite 
containi*  very   variable   quantities  of  iron;   sometimes,  howerer, 
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because  the  actloo  of  the  acid  has  not  been  contmued  long  cnougl] ; 
eometlmes  from  Jidnjixturo  of  phosphide  or  silicide  of  rron  with  the 
graphite.  But  why  si  i  on  hi  the  *i:niphite,  m  which  Ihc  presence  of  iron  is 
stated  to  he  merely  aceideiitat,  he  converted  by  the  continued  action  of 
hydrochloric  acid  into  black-hrowE,  and  of  nitrio  acid  into  red-hrown 
mould  ? 

3.  Graphite.  Remains  undisijolved,  together  with  FeC^,  when  grey 
pig-iron  is  di^^solved  in  acids.— In  consoquDnce  of  the  separation  of 
mould,  FeC,  and  grnphite,  a  dark  spot  is  produced  npou  carburetted  iron 
by  the  action  of  acids,  especially  of  nitric  acid. 

a.  Bar-iron^  R'^finf^d  Iron^  MaUeahle  Irottj  Wrottghi  //'«>«.— All  iron 
manufactured  on  the  large  scale  contains  a  certain  portion,  not  exceeding 
05  per  cent,  of  carhon,  which  gives  it  greater  solidity  and  thereby 
renders  it  better  adapted  for  the  nmjoritv  of  purpot^es.  Burnt  Bar-iron 
is  the  only  variety  tliat  is  free  from  carbon.  Soft  bar- iron  contains  less 
than  bard.  Bar-iron  is  di^:tinguiahcd  from  steel,  which  is  richer  in 
carbon,  by  not  beconiiug  brittle  or  sensibly  harder  when  rapidly  cooled 
in  water  after  ignition. 

In  very  dilute  hydrochloric  or  sulpburic  acid»  bar-iron  dissolves  very 
slowly^  leaving  hhick,  magnetic,  gmphite-like  FeC',  which  is  converted 
by  ohric  acid  into  brown  mouldy  takes  lire  even  below  a  red  heat,  and 
burnfl  without  leaving  a  residue.  — Stronger  sulphuric  acid  leaves  traces 
of  easily  intianiiii able  charcoal  Strong  by drocbhiric  acid  dissolves  bar- 
iron  without  leav^in;^  any  residue.  [Is  all  the  carbon  evolved  in  this  case 
in  the  form  of  oil  ]  J — Cold  and  very  dilute  nitric  acid  fornis  red-brown 
mould,  which  dissolves  on  the  application  of  heat,  imparting  a  brown 
colour  to  the  liquid,  (Karsteu.) 

Analt^ses  of  Bar-iron.  According  to  Gay-Lnasac  and  Wilson 
(iV.  QuarL  J.  of  Sc,  7,  203;  also  Jii/tresber.  11,  128).— a.  Best  bar-iron 
from  Sweden. — 6,  The  same, — c.  Bar-iron  from  Creusat, — tL  From 
Champagne, — e.  From  Berry. — -f.  Cold-short  bar-iron  from  Moselle.  In 
100  parta: 

a.  b.  c,  d.  e*  f* 

C  »,....     0-293     ....     0'240     ....     0'139     ....     O'lU:^     .,.,     0-162     ....     0*144 

F  0^077     ....      tmee     ....     0''112     ....     0-2I0     ....     0177     ....     0  510 

Si      trace     ....     0*02j     ....      trace     ....     0015     ....      truce     ....     0070 

Mn    ........      trace     ....      trace     ..„       trace     ....      trace     ....      trace     ...       trace 

Amount  of  Carbon  hi  Bar-iron,  a.  Soft. — i.  Hard. — c.  d.  e.  Three 
different  varieties,  produced  from  white  pig-iron  by  the  Swabian  method 
of  refining.—;/',  g.  h.  Three  varieties  produced  from  various  kinds  of  pig- 
iron  by  the  Miigdesprung  method  of  refining.  The  samples  c  to  A  are 
from  the  Bernburg  works.     In  100  parts; 

Karsten.  Broroei^. 

a.  b»  c.  d.  e,  /.  g,  A.  ' 

ConihinedC  0'233  0-354  ....  0^8  „„  0104  ....  0  237  ....  0-66 

Free  C ...,  ....  0*080  ....    trace  ....  0-02  ....  O-220  „,  Q'260  ....  tra<!e 

Total...........     0-2  ....  0*5  ....  O^Iiia  ....  0*354  .,„  0'40  ....  0*324  ....  0'497  ....  O'GG 

Bromeia  {Ann.  Pharm,  43,  241)  detcnuinecl  the  total  amount  of  carbon 
by  burning  with  clironjato  of  lead  or  chlorate  of  pota.^b;  the  free, 
mechanically  combined  carbon  or  graphite  wa^*  c.^^timated  by  dissolving 
the  bar-iron  in  hydrochlrjrie  acid  and  tletermining  the  quantity  of  carbon 
contained  in  the  insoluble  rcaidue.     [Could  graphite  really  b^  ^ViXAkm^V 
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from  bar-iron  tonUdnmg  so  mm]]   a  quantitjr  of  carbaOy  or  <lid  \ho 
hiAoluble  residue  not  rather  consist  of  Korsten'a  FeC^f] 

b,  SUel.     Pref^raiion. — K  Rough  SUel,  RtAntfy  Sitd,  Wof-- 
(Friichiiahff  BoffMnhf,  XaturHcher  S(akl,)     The  iron  from  wij 
steel  h  made,  is  plgAron  containing  but  few  foreign  admixtor 
carbon  and  manganese.     It  is  refined  bj  exposure  to  the  bl 
charcoal^  aa  in  the  refining  of  LroD;  but  the  aridation  h  etoppcu 
advanced  atiige,  so  that  the  foreign  nictal.^,  and   thnw  oo|v 
almoflt  completely  oxidized,  while  a  portion  of  the  < 
nnburnt  and  in  combination  with  the  iron.     As  noon  u 
90D]rwhat  malleable,  it  i«  formed  into  flat  bars  under  n 
coDtinually  dimini*jbin^  in  size.     To  obtain  a  nnifomi  ' 
(larbon,  the  plutes^  after  being  cut  into  leng'th^  and  made  u] 
are  welded  together  and  then  formed  into  bars:  Sfi^ar-siteL 
2.  iJar-steel,  Cementddon-ited,  Very  pure  bar-iron  in  the  fofua  oi 
i*  enclosed  in  boxes,  troughs  or  pots  filled  with  charcoal  powder,  a^ 
a  red  beat  for  5  to  8  days.  The  carbon  gruduaUy  penetrate^}  the  iron;  whcj 
it  meeta  with  scale- oaude,  it  forms*  carbonic-oxide  gas  and  taisos  the  i 
in  blisters  :  Blisitred  iieeL     If  the  cementation  is  conlinu«^i  tno  Vm'^, 
metal  fuses  together  and  forms  east-in^n.    (^ Buttery,)     Or  coal  gun  t§ 
parsed  over  bani  of  iron  heated  to  redoeac}  in  a  caal-iron  tubt;  coated  with 
clay,  whereby  carbon  is  tran^^ferred  from  the  gaa  to  the  metal*     When  ft 
Bumcient  quantity  of  charcoal  has  outered  into  combiuation  witli  tbc  iroi 
the  ignition  is  continued  for  iwime  tirao  longer,  wi'  moi 

rover  the  metal,  in  order  that  the  carbon  may  rmljr, 

the  gaa  i«  allowed  to  act  too  long,  the  /teei  {u^l;*  mto  c^^i- 
(Markintosh,  J.  pr,  Cfirtn.  2,   333.)— 3.  Catt-UteL     Bar^etccl  U  fi 
under  a  layer  of  pounded  glasa,  iomotimefl  without  charcoal  (BuUerr^ 
Sckw,  35,  330),  soniotinies  with  1  or  2  per  cent,  of  charcoal  iwided,     la 
Xhu  process,  the  etei'l  probahty  takes  up  small  portions  of  aluniiuiun  a; 
Mlicium  from  the  crucible. — ^4.  Iron  fused  at  an  intt^n^e  he&t  wirh  ^  ~ 
cent,  of  lumjj- black  yields  gt>od  steel.  (Brcant,  Ann.  Chinu  Phh 
also  SchuK  40,  295.) — 5.   The  Indian  SuH  ot  Wooz,  which  i^  di  i 
by    extraordinary    hardne^irt,    and    by    tho    dumaeked   *ui^ 
acquirer  when  acted  upon  by  acids,  is  said  by  Faraday  and  r 
^^^  109)  to  contain  very  small  t|uantitic9  of  aluminnm  and 
also  f)f  .*ilicium,  and  may  bo  imitated  by  fusing  the  carb"*^"' 
(p.  217)  with  aluiuiua,  and  then  fusing  I  part  of  the  carh: 
aluminum  thoe  obtained  with  frcmi  8  to  17  parta  of  cemeuUiK 
Profiertus, — i*oniewhat  whiter  than  iron.     When  rtHl-hot 
0i«ol  ijB  slowly  cooled*  it  beromo£  Moft,  though  somewhat  harder  tuuii 
and  exhibits  a  granular.  ind<?Tite«b  a"*l  somewhat  shining  fi-actur*. 
tcnarify  of  Hlnwly  co*.)lud  8t*:el  i^   to  that  of  bar-iron   nearly  :i      l 
It*  trninulHr  t*»i{turp  !»*  riot,  like  that  of  iron,  converted  into  t 
by  (Karsten.)     The  fracture  of  uuhar«  I 

u\  «]  whieli  has  once  been  re-mclt<'dyT»'r 

bl^rtieui/d,  U  •tdl  liu4v^|yrrHlned  and  whiter  than  before.  (Elnti*  r  i  ( ^ 
contrary,  wh^n  red-hot  or  melted  «teel  \^  suddenly  cooled,  aw  I  v  i 
in  wator— which  proct'e^a  is  ealbd  llnrdrning — it  becomes  itiu> 
more  elastic,  and  more  brittle  than  iron,  iho  h:»rdncB«  incrwifliiv 
proportion  of  carbon*  Thi'  fnirtun*  of  hardenod  steel  U  inort*  liie: 
choidal,  and  smooth,  aud  of  a  lighter  colour,  but  bUU  api»eaii»  (iij  ^ 
when  exauiineit  with  a  magniOor,     Notwithstanding  it<  great 
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it  msj  be  cat  through  bj  a  rapidly  rotating  soft  iron  disc,  because  the 
latter  becomes  less  strongly  heated.  When  steel  is  hardened  after 
too  stroufi^  ignition,  it  exhibits  a  coarse-grained  fracture,  and  has  but 
little  hardness  or  tenacity.  ( Karsten .)  The  fracture  of  hardened  cast- 
steel  is  very  fine-grained;  that  of  cast-steel  which  has  been  once  re-melted 
and  hardened  is  very  dense  aud  uniform.  (Eisner,  J.pr.  Chem,  20,  110.) 
Hardened  cast-steel  is  harder  than  other  kinds  and  takes  a  better  polish. 

Hardened  steel  when  heated  to  redness  and  slowly  cooled,  is  recon- 
verted into  soft  steel.  Hence  by  alternate  exposure  to  quick  and  slow 
cooling  after  ignition,  steel  may  be  rendered  either  hard  or  soft.  When 
hardened  steel  is  raised  to  a  temperature  short  of  redness,  it  loses  so 
much  the  more  of  its  hardness  and  brittleness  and  approaches  so  much 
the  more  nearly  to  unhardened  steel  as  the  temperature  is  higher: 
Tempering  of  Steel. — According  to  Karsten's  view,  the  hardness  of 
rapidly  cooled  steel  arises  from  the  carbon  which  it  contains  being  com- 
bined with  the  whole  of  the  iron.  When,  on  the  contrary,  the  steel  is 
slowly  cooled,  the  greater  portion  of  the  carbon  unites  with  a  portion 
only  of  the  iron  and  forms  FeC"*,  which  remains  intimately  mixed  with 
iron  containing  less  carbon  and  therefore  soft.  It  is  only  when  steel  is 
very  rich  in  carbon  that  a  portion  of  that  element  probably  separates  out 
in  the  form  of  graphite,  on  slow  cooling. 

Specific  gravity  of  ordinary  steel,  7*795;  of  hardened  cast-steely 
7*6578;  of  cast-steel  not  hardened,  7*9288;  of  cast-steel  which  has  been 
once  re-melted  per  se — in  the  hardened  state,  7*647 — in  the  unhardened 
state,  8-0923  (Eisner);  of  Wooz,  7*665.  (Faraday  &  Stodart.)— Hardened 
cast-steel  fuses  at  2402°  C;  softer  cast-steel  at  2531°.  (Degen.)  The 
heat  at  which  steel  can  be  welded  is  lower  than  the  welding  heat  of  bar- 
iron;  the  melting  point  of  steel  is  also  much  lower  than  that  of  bar-iron, 
but  higher  than  that  of  cast-iron,  being,  in  fact,  lower  as  the  proportion 
of  carbon  is  higher.  Many  kinds  of  steel  cannot  bo  welded,  because 
their  melting  point  is  too  close  to  the  temperature  required  for  welding, 
(Karsten.)  Cast-steel  cannot  be  welded  with  iron,  because  at  the 
welding  heat,  it  crumbles  under  the  hammer,  like  sand;  nevertheless  it  is 
by  no  means  more  fusible  than  cementation-steel.  (Buttery.) — Steel 
acquires  the  magnetic  power  less  easily  than  iron,  but  retains  it  much 
more  strongly. 

Amount  of  carbon  in  Steel,  in  100  parts:  Rough  Steel  1-25. ..2*3 
(Karsten); — softest  bar-steel  approaching  most  nearly  to  bar-iron,  at  least 
0*9  (Karsten); — harder  bar-steel  1-3...  r75  (Karsten); — white  bar-steel 
from  Elberfeld,  0496  (0*416  combined,  080  in  the  form  of  graphite,  vid, 
p.  204)  (Bromeis); — English  bar-steel  1  87  (and  0*1  silicium)  (Berthier); 
— cast-steel  1*65  (and  Ol  silicium)  (Berthier);— soft  English  cast-iteel 
0*833; — ordinary  1*0; — harder  1*11; — hardest  1-67  (Mushet); — best  cast- 
steel  from  Sheffield  1*70  (0'95  combined,  022  free  [there  is  an  error  in 
these  numbers])  (Bromeis); — Rhenish  cast-steel  1267  (1  157  combined, 
0-110  free)  (Bromeis);— cast-steel  2-8  to  30  (Karsten);  cast-steel  1*758; — 
the  same  after  being  once  re-meltcd  per  se  in  a  covered  crucible  1*5770 
(Bottger  &  Eisner);  —  Hausmann's  steel  1*33  (and  005  silicum)  (Ber- 
thier);— Wooz  1*5  (and 0*6  silicium)  (Berthier). — According  to  Clouet,  steel 
contains,  on  the  average,  3*1  per  cent,  of  carbon;  according  to  Vauquelin, 
0*71.  In  French  steel,  Vauquelin  likewise  found  small  quantities  of  sili- 
cium and  phosphorus.  Gay-Lussac  &  WiUon  (N.  Quart.  J.  of  Sc.  7,  204) 
found  in  the  best  English  cast-steel,  prepared  from  Swedish  iron,  0*625 
per  cent,  carbon^  0*03  silicium,  and  a  trace  of  manganese;  in  cast-steel  fcoia 
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acquire  a  damasked  surface, — probaLly  because,  in  addition  to  ordinary 
steel,  it  contains  a  more  biglily  carbonized  or  aluminiferous  variety,  which 
crystallizes  in  solidifjing,  and  by  coatinuod  forging  is  rariously  diesemi- 
Hated  tlirough  tlie  rest  of  the  steel;  mid  this  latter  variety  being  less 
attacked  by  the  nitric  acid  remains  whiter  than  the  rest. — Pei-fcctly  har- 
dened Bteel  immerged  in  cold  nitric  aciil  of  specific  gravity  1*0,  coh»urs  it 
brown-red,  with  a  sliirht  evolution  of  nitric  oxide  gas,  and  gradual  sepa- 
ration of  black,  uictallic-fihiniag,  uon-magnetic  flakes,  which  burn  without 
leavinf^  any  residue  of  ferric  oxide,  dissolve  iii  caustic  potaBh  forming  a 
black-brown  solution,  atid  by  continued  action  of  the  acid  are  converted 
int<:»  a  brown-red  powilcr.  If  the  acid  is  heated,  the  same  ctieets  are  pro- 
duced, hut  more  quickly  and  with  considerable  frothing.  (Karsten.) — » 
Steel  which  has  not  been  hardened  disiaolvea  very  rapidly  in  strong  nitric 
acid,  imparting  to  it  a  brown-red  colour,  due  to  dissolved  mould,  part  of 
which  substance,  however,  remains  undissolved  in  the  form  of  a  browii-red 

kpowden  Previously  to  the  formation  of  this  mould,  graphitedike  lamimn 
(probably  eoni*rsting  of  FeC^)  are  separated,  and  these  when  burnt  leavd 
from  82  to  04  per  cent,  of  ferric  oxide  (vid.  p.  20o),  When  steel  which 
lias  been  slowly  cooled  is  treated  in  this  manner,  the  laminte  arc  converted 
into  red-brown  mould,  at  the  very  moment  of  separation. — Soft  cementa- 
tion-steel diasctlves  very  slowly  in  dilute  nitric  acid,  yielding  no  graphite- 
like lamime,  but  only  red-brown  mould,  which  takes  tire  oven  below  a  red- 
heat.  Cast-steel  dissolves  stilt  more  slowly.  (Karsten.) — Dilute  sul- 
phuric or  hydrochloric  acid  distsolves  steel,  with  evolution  of  fetid  liydrogen 
E  containing  an  oily  vapour,  and  separation  of  a  graphitedike  substance 
obably  FeC^]  which,  by  continued  action  of  the  acid,  is  converted  into 
L*k-brown  mould. — Hardenetl  gteel  immersed  in  dilute  sulphuric  acid 
becomes  covered  with  a  iiuiall  (piantity  of  a  bhick  metallic  powder;  nu- 
lla rdened  steel,  in  the  same  time,  with  eight  times  aa  mucli  of  a  grey  powder, 
"which  is  soft,  coherent,  and  may  be  cut  with  a  knife,  anil  appeara  to 
consist  of  carbide  of  iron, — inasmuek  as,  when  exposeti  to  the  air,  it 
changes  colour  in  conse<^|uence  of  the  iron  becoming  oxiihited.  By  con- 
tinued boiling  with  the  acid,  it  is  converted  into  a  black  powder  [mould] 
the  same  as  that  produced  by  hardened  steeL  This  substance,  when 
Kcate«l  in  ihc  air  to  temperatures  lietwcen  150°  and  200  ,  burns  like 
ft  pyrophoru!«,  emitting  a  large  quantity  of  smoke;  at  higher  tempera- 
iares  it  burns  like  asplialluui^  with  a  bright  flame,  leaving  a  residue  of 
fcrroso-ferric  oxide;    it  is  likewise  completely  soluble   in  boiling  nitric 

»acicL   (Faraday  &  Stodart,  Gilb,  72,    25G») — Thoroughly  hardened  steel 
ddiiisolves  very  slowly  in  dilute  sulpliuric  or  hydrochloric  acid,  becoming 
covered  in  the  course  of  a  few  dayy,  with   bhK'k-brown  mould,  which  is 
converted  by  nitric  acid  into  browu-red  moubk     Stronger  sulphuric  acid 
when  moderately  heated  also  leaves  a  residue  of  black-brown  mould,  but 
boiling  concentrated  sulphuric  acid  dissolves  the  steel  completely.  {Kar- 
flien.)     [Does  the  whole  of  the  carbon   in  this   last  ca^e  go  off  in  the 
Iform   of  oil  or  of  gaseous   carburet  ted   hydrogen  1]— Unhanlened    steel 
^xbibits  with  dilute  sulphuric  or  hydrochloric  acid  the  same  effects  as 
,wrougbt  iron;  excepting  that  it  dissolves  much  more  sluwly,  und  leaves 
more    abundant    graphite-like    residue.   [FeC^]      Stronger   eulphurio 
id   dissolves  soft  steel   with  tolerable  rapidity,  causing  a  sepanition  of 
shining  laraintc  (FcC^)  which  are  afterwards  converted  into  black-brown 
inauld.   (Karsten.)     If  the  acid  be  quickly  poured  off,  before  this  conver- 
sion  has   proceeded  to  any  considerablo  extent,   and  the  mould   already 
fonned    be  extracted   with   caustic   potiiJ^h,   magnetic  laramoa   ^t^.  V^il^^, 
vol..  V.  V 
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wluch  rolain  their  tnetallio  a^ipeet  under  water,  bttt  1ofl<!  it  iti  the  Atr^  wi 

are  quickly  ronverteU  into  ni<»aM  hy  the  action  of  acidij.  (Kar»tcti.\ 

St<?el  may  he  rnji<ie  to  nnite  with  several  mc'tals  liy  f«!?ioii.  ^fany  of 
those  metals  oTiitiJ  with  it  in  very  small  qnanlity,  render  it  harder  and 
more  hritile.  If  the  iither  metal  ia  more  electro -negative  than  the  steel, 
and  partly  separatea  out  in  fine  pai'ticles  aa  the  metal  cools,  the  steel  is 
thereby  recdore<l  more  liable  to  rust.  Moreuver,  all  these  alloys — parti- 
eiilarly  those  wliieh  do  not  contain  too  rnuch  platmnm — disengage  ft 
larger  f|uantity  of  hydrogen  from  dilute  sulphuric  acid  in  a  given  time 
than  pure  steel,  doubtlo8«  beeauae  a  portion  of  the  more  clectro-nOiratiTe 
nietsil  ig  \nu\  hare  hy  the  first  action  of  the  a<'id,  and  then  acrelemtes  tho 
eohition  of  the  iron  hy  »;alvanic  aetion.  Pure  ateel  digsolvefi  most  «lowlj 
of  all  in  aulpUurie  acid;  then  follows  that  which  i«  alloyed  ifritb  «man 
quantities  of  cbroniium;  then  with  silver;  then  with  gold ;  then  with 
nickel:  then  with  rhndium,  iridium,  or  osmium;  then  with  palladium; 
and  lastly  with  platinunu  The  alloy  of  steel  and  platinum  givei!  with 
sulphuric  acid^  in  a  piven  time,  100  times  as  much  hydrogen  gaa  as  ptrro 
etoel;  even  jX-,  platinum  ia  sufficient  to  produce  this  effect,   but   irith 

y^ Tio  *^^^  action  is  still  stronger,  (Famrlay  kStodart,  Pkti.  Tram. 

1822,  253;  also  Gffh.  72,  225.)— Tbo  greater  hardness  which  uleel 
acr]uirc!§  hy  fusion  with  these  metals  appears  to  result,  not  so  ranch  from 
thiir  presence  as  from  the  additional  fusion  to  which  the  steel  most  W 
auhjected  to  form  the  alloy;  at  all  event*:,  silver-steel  exhibits  no  grei 
hardness  than  steel  which  has  been  re- melted  per  sr^  vid.  nrlfven  (El« 
J,  pr.  Ohffri,  2(K  no,)  Iron  free  from  carbon  may  indeed  be  rend< 
harder  by  comhi nation  with  phosphorus,  sulphur,  arsenic,  ^c.»  but 
coniponnda  do  not  harden  by  suddon  cooling,  or  at  all  oventa  but  slightly, 
(Kara  ten.) 

e.  Ordinary  Piff-irov ;  Cajft-iron, —  Obtained  by  the  reductioti  of 
native  irun-oxidcs  by  means  of  charcoal  or  coke  m  the  hlast-furtiaee 
(p.  166).  It  contains  more  carbon  than  sttM?l,  and  is  besides  coni&mi- 
nated  with  variou*?  substances,  particularly  phosphorus,  sulphur^  arsenlCi 
manganese,  molyhdenum»  vanadium,  chromium,  coppc?,  ealcitmi^  wiog- 
ncftium,  aluminum,  and  siliciunj. 

The  properties  of  this  substance  vary  neeording  to  the  tinture  and  tho 
proportion  of  the  pnb^tnuer>i  combined  with  the  iron,  and  likewise  acciinl- 
ing  to  the  rapidity  of  cooling  from  the  st.ate  of  fusion.     For  the  mod 

f>art,  cast-iron  exhibits  a  laminar  or  granular  texture,  sometimes  enrHa!* 
ifes  in  octohedron-^.  and  is  more  brittle,  specifically  lighter,  and  mow 
fusible  than  malleable  iron.  At  a  red-heat,  it  la  so  soft  that  it  may  be  col 
with  a  saw. 

Melted  ca«t-iron,  whether  white  or  grey,  vield«  white  cnfit-iri>n  liy 
flndden  cooling  and  grey  by  slow  cooling.     The  former  cori  to 

hartlened,  the  latter  to  unhardened  steel,  excepting  that  the  st*  * .  *,..,..i.n« 
leaa  carbon.  After  sudden  cooling,  the  carbon  remains  combined  with  the 
whole  of  the  iron;  but  if  the  cooling  be  slow,  the  carbon  has  ttroc  to 
aeparate  for  the  most  part  from  it^  state  of  combination  with  th<9  whole 
of  tlie  iron,  partly  as  gnipbite,  partly  as  FeC*,  (Karsten.)  V  '  -^  *Tie 
graphite  remains  diffused  througri  the  iron  in  scales;  the  rest  ^  '*f 

out.     The  greater  the  quantity  of  carbon   in  white  cast-iron,  the  ni«»re 
strongly  mu>t  it  be  hejited  in  fusing  and  the  morn  slowly  mnct  it  be 
cooled  after  fusion,  in  order  to  convert  it  into  the  grey  \Tiriety.     O 
other  hand,  grey  c:t5t-iron  is  most  easily  converted  into  white,  or  Ho 
itjuAt  to  ibo  uieltiog  point  ^b^caui&Q  iWn  the  cooling  tokce  pui/oo 
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rapidly  throngliont  the  whole  mass].  In  iron  coatings,  those  parts  of  the 
iron  which  have  been  in  direct  contact  with  the  mould  are  of  the  white 
▼ariety,  bein/j  lighter  in  colour  as  the  mould  is  wetter  and  the  casting 
thinner;  in  the  interior  of  the  mass,  the  white  iron  passes  imperceptibly 
into  the  grey.  When  fuse<l  cast-iron  very  rich  in  carbon  is  run  into  a 
▼ery  wide  open  mould,  and  thrown  into  water  as  soon  as  it  has  become 
solid  on  the  surface,  the  portion  which  still  remains  fluid  in  the  interior 
is  converted  by  the  rapid  cooling  into  white  iron.  (Karsten.) 

Although  we  must  admit,  with  Karsten,  that  the  difierent  rate  of 
cooling  is  the  principal  circumstance  which  determines  the  production  of 
white  or  of  grey  cast-iron,  we  can  nevertheless  scarcely  follow  him  in 
regarding  it  as  the  only  cause  of  the  difference;  for  the  varying  quantity 
of  the  other  elements  contained  in  it  appears  likewise  to  exert  an  influ- 
ence on  the  result.  Why  is  it  that  white  and  grey  iron  sometimes  occur, 
and  with  sharp  demarcation,  in  the  same  piece  of  iron  1  (infra.)  Why 
is  blackish-grey  pig-iron  so  difficult  to  convert  into  white  ?  Why  does 
the  same  furnace,  according  to  the  manner  in  which  it  works,  yield  at 
the  same  rate  of  cooling,  sometimes  a  whiter,  sometimes  a  greyer  iron  I 
Why  docs  fused  grey  pig-iron  solidify  in  the  form  of  white  bright  iron 
on  the  addition  of  sulphur  (infra);  and  if  the  bright  iron  be  distin- 
guished merely  by  containing  the  greatest  quantity  of  carbon,  why  is  it 
not  obtained  by  fusing  pure  iron  with  excess  of  charcoal  1  (Gm.) 

Varieties  of  Cast  or  Pig-iroii,  particularly  according  to  Karsten: 

A.  White  Pig-iron, — Varies  from  tin- white  to  greyish- white;  rerr 
brittle,  cracking  easily  even  by  change  of  temperature;  extremely  hard, 
sometimes  even  more  so  than  hardened  steel,  so  that  it  will  resist  the 
stroni^est  file;  scratches  glass  easily.  Fracture,  sometimes  laminar, 
sometimes  laniino-radiating,  sometimes  finely  splintered,  sometimes  dense 
and  conchoidal.  As  the  fracture  changes  from  laminar  to  conchoidal,  the 
colour  likewise  varies  from  white  to  greyish.  Mean  specific  gravity,  7-5. 
Expands  less  than  grey  cast-iron  when  heated.  Cannot  be  welded, 
because  it  becomes  pasty  at  the  very  lowest  welding  heat.  Fuses  less 
readily  than  grey  pig-iron.  When  heated  to  the  melting  point,  it  does 
not  suddenly  pa:j3  into  the  fused  state,  like  grey  pig-iron,  but  is  converted 
before  fusing,  into  a  soft,  p;isty  ma.ss.  In  this  variety  of  pig-iron,  the 
carbon  is  united  with  the  whole  of  the  iron.  Continued  ignition  out  of 
contact  of  air,  does  not  alter  bright  iron,  but  imparts  a  grey  colour  to 
those  kinds  of  white  pig-iron  which  are  less  rich  iu  carbon,  and  renders 
them  lees  hard  and  brittle.   (Karsten.) 

a.  Bright  Iron,  Rough  ^Steel-iron  (Spiegeleisen,  Spiegeljfoss,  Rohstahlei^en. 
JRofistahljiosSy  Ilartfoss).  This  is  the  hardest  of  all  kinds  of  iron;  it 
resists  the  strongest  file;  exhibits  a  coarsely  laminar  fracture,  with  silver- 
white,  specular,  fractured  surfaces.  The  most  fusible  of  all  kinds  of  pig- 
iron.     Especially  rich  in  carbon. 

b.  Whitisfi-grey  Pig-iron, 

c.  Flowery  Pig-iron  (BUnnigcs  Iloheisen,  hluniige  Flossen),  Bluish^ 
with  a  radiating,  highly  lustrous  fracture. 

d.  Gregisfi-irhile  Iron,  having  a  fracture  without  distinct  structure. 

e.  Porous  Pig-iron  (hwhiger  Poheisen,  luckiger  Floss,  Weichfloss). 
Les<i  white,  with  a  bluish   or  greyish  tinge  with  a  somewhat  indented 

ractarc;  porous.     Forms  the  trausition  to  grey  pig-iron  and  to  steel. 

B.  Grey  Pi^-i?07i.— Between  light  grey  and  \)\ack.    8ome\m^  V\V>\ 


212 


IRO>f. 


a  strong  lostre;  sometimes,  wlion  it  contains  considerable  qnai3 titles  of 
foreign  metals^  especially  siltcium,  it  ia  cIqU.  Fracture  granular.  If  the 
grains  become  flat  and  8C4ily,  ilie  iron  is  impure.  Innunioralde  scaler  of 
graphite  are  interspersed  between  tlio  particles.  The  grains,  which 
reeemble  tho:?e  of  uuhardened  steel,  consist  principally  of  the  cuniponnd 
of  carbon  with  tlie  whole  of  the  iron;  FeC*  may,  however,  be  mixed  with 
them.  Mean  density  7*1,  More  or  less  soft  and  exteni&ible,  poi^eesstng 
these  properties  in  a  greatur  degree  when  cold  than  at  a  red  heat.  Thi^ 
kind  of  cast-iron  would  he  very  nitilloable,  if  it  were  not  miatcd  with 
graphite.  It  may  be  welded,  tboufi^b  not  ea^^ily,  because  the  wcldiag 
and  melting  points  are  very  close  together.  The  more  carbon  it  contains 
the  more  readily  does  it  fuse,  and  with  an  equal  proportion  of  carbon,  it 
is  leas  fusible  than  white  pig-iron,  Some  varieties  of  it  are  a3  refractory 
as  the  harder  kinds  of  ca^^t-steel,  others  fuse  almost  as  easily  as  bright 
iron.  (Karsteu.)  A  sample  of  pig-iron  examined  by  Degen  fu^d  at 
1326^  C.  lu  passage  from  the  solid  to  the  liquid  state  tukejj  place 
aJmoat  inataiitaneonsly,  the  melting  point  being  higher  and  the  fusion 
more  sudden  ns  the  proportion  of  carbon  is  ^niallcr.  When  very  slowly 
cooled  after  fasioUj  it  becomes  more  malleable  than  before;  by  sudden 
cooling  it  is  eouvei*ted  into  white  pig-iron,  the  conversiou  being  more 
complete  as  the  proportion  of  carbon  is  greater.  Thus  white  iron  it 
obtained  by  pouring  water  on  the  iron  wbieli  has  been  run  off  into  the 
grooves  and  taking  out  tho  crusts  of  solid  metal  thus  produced.  The 
blackish-grey  iron  obtained  when  the  furnace  is  working  very  Hot,  b 
however  dimeult  to  convert  into  white  iron;  but  complete  conversion 
may  ho  obtained  by  pouring  it  into  water  in  a  fine  stream.  (Kar^ten.) 
[le  not  the  blackisb-grey  pig-iron  peculiarly  rich  in  carbon  I]  It  is  not 
altered  by  continued  ignition  with  charcoal  out  of  contact  of  air.  It 
hardens  by  cooling  in  water  after  ignition,  (Karsten,)  When  h&rdened, 
it  sci-atcbes  glass  and  resists  an  English  file.   (Bromeis,) 

ff.  MoUUd  or  AfiiPt'd  F  iff -iron  {llalbirUiH  Rokehen,  (fefieclttn  Bohtisen)* 
A  mixture  of  while  and  grey  iron.  In  strouffly  inottM  iron,  little  BlMn 
and  epota  of  grey  iron  arc  found  interspersed  in  bright  or  flowery  iron; 
w^al'l^  ntotd^d  iron  exhibits  white  8|»ecka  on  a  grey  ground.  In  Mtretthtd 
iron  {gptrnglichfs  or  strcijif/cs  Ex^rn)  grey  iron  is  found  above  and  below, 
and  bright  iron  in  the  middle,  w  itb  strong  demarcations, 

h,  §rei/f  Normal  Fifj-iron  {Oratte^^  f/areg  Foheiscn).  Produce«l  wbeQ 
the  charcoal,  ore,  flux,  and  air  in  the  blast-furnace  are  in  normal  propor- 
tion. The  elag  or  cinder  produced  under  sucli  rondition:j  is  perfectly 
fused,  contains  very  little  iron,  is  free  from  grapbite-laniinfc^  sometime* 
vitreous  and  of  a  greenish  or  blue  colour,  flometimes  crystaUo-granuUr^ 
laminar,  and  greyish- white.  Normal  eu •it* iron  is  of  small -grtii nod  slruc- 
ture,  and  intersperseil  only  w*ith  huimII  graphitc-lamimc ;  |»--<.-i^-'-t  gf^^ 
tenacity;  is  ea.»ily  filed,  turned,  and  horol;  may  even  be  i  i  to  m 

certain  extent;  does  not  readily  crack  from  change  of  tonij^e^^iutc;  uxid 
18  be«t  adapted  for  most  kinds  of  costing. 

c.  Blacky  supernormal  Fi(f'iron  {Schwann^  uhtrg<i»yt  lioAnstn)*  Prp- 
daced  when  the  blast-furnace  is  very  hot  and  the  supply  of  cok^  or 
charcoal  too  great.  The  grey*  fine-gniined  mai«s  then  produced  il 
abundantly  intersected  and  superficially  marked  with  lamina?  of  gr;A|»Uli^ 
Drhercby  ita  solidity  U  diminished. 

Analj/iu'i  of  Cttst  or  Fi^-iron, — I,  Smelted  with  charoooL     a*  Fr 
BaUbw;^^'  from  Autray;^.  fn>m  Bcxo;^/,  from  St,  Dixier;— ^ 
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Sweden;— /.'from Tretlion; — ^.  fromLohe. — 2/Smelted  with  coke:— \.  from 
Firmy; — /.  from  Janon; — k,  from  Cliarlcroy; — L  from  England; — m.  Fine 
metal  from  Finny  {i.  e.  iron  from  Firmy  melted  a  second  time).  AH  the 
proportions  are  given  in  100  parts.  (Berthier,  Ann.  d,  Min,  1833;  abstr. 
Jakrfsber,  14,  127.) 

a.  b,  c.  d,  e.  f.  g.  h.'' 

C  ....  2-95  ....  3-5  ....  305  ....  3*6  ....  4*2  ....  3-6  ....  3*50  ....  3*0 
Si   ....     0-28     ,...     0.3     ....     007     ....     04     ....     0*5    ....     05     ....     045     ....    4-5 

t.  k,  I,  tn. 

C  4-3    ....     2-3    ....     2-2     ....     1-7    —    I'OO 

Si 3-5    ....    3*5    ....     2'5    ....    0-6    —    0-15 

Iron  smelted  with  coke  is  therefore  much  richer  in  silicium  than  that 
which  has  been  reduced  by  charcoal. 

a.  Pig-iron  from  the  Royal  Works  in  the  Harz,  smelted  with  cold  air; 
of  8p.  gr.  7*43;  mottled. — b.  The  same,  smelted  with  air  at  250**;  sp.  gr. 
7*166;  normal  and  of  a  grey  colour. — c.  Pig-iron  from  Leerbach  in  the 
Harz;  cold  blast;  sp.gr.  7  081;  very  grey. — d.  The  same,  smelted  with 
air  at  110';  sp.  gr.  7*077;  very  grey.  The  hotter  the  blast,  the  greater 
is  the  quantity  of  silicium  which  unites  with  the  iron;  the  proportion  of 
phosphorus,  on  the  contrary,  remains  the  same.  (Bodemann,  Pogff. 
55,  485.)— e.  Grey,  soft  pig-iron  from  the  Maximilian  Works  at  Bergen. 
(Fuchs,  J,  pr,  Chem,  17,  166.)—;/'  Good  pig-iron  free  from  manganese, 
from  the  Leke  iron-works.  (Berzclius,  Schtr,  Ann,  7,  221.) 

fl.  *.  c.  d,  e,  /. 

Fc 93-29  ....  91-42  ....  93-66  ....  91-98     ....     94*33     ....     91-16 

^  /combined  2*78  ....  1-44  ....  0*48  ....  0-95)             ,  .„               ,.0^ 

^{frec 1-99  ....  2-71  ....  3-85  ....  3-48;  *  •      "*  *•*      "      ^  ^^ 

P   1-23  ....  1-22  ....  1-22  ....  1-68     ....       0-37 

8  trace  ....  trace  ....  trace  ....  trace  ....   0*12 

Ca trace  ....  trace  ....  ....  ....  Mg  0*12 

Al ....  ....  trace  ....  trace 

&H  0-71  ....  3-21  ....  0-79  ....  1*91  ....   1-75  ....   0*25 

Ma    trace  ....  trace  ....  trace  ....  trace     ....                  ....      4-57 

Cr  and  V  ....  trace 

10000    ....  100-00     ....  10000     ....  10000     ....  10000     ....  100-00 

a.  a.  Grey  pig-iron  from  Wales,  smelted  with  coke.  No.  1; — 6.  No.  2; 
c.  No.  3; — d.  Grey  pig-iron  from  Franche-Comte,  smelted  with  coke; 
€,  The  same  from  Crousat; — -/,  The  same  from  the  Champagne; — ^.  Grey 
pig-iron,  with  coke  and  wood,  from  Berry; — h.  Grey  pig-iron,  with  char- 
coal, from  Nivcmais; — i.  White  pig-iron,  with  wood,  from  the  Champagne; 
jfe.  The  same,  from  the  Isere; — L  The  same,  from  Sicgcn; — m.  The  same, 
from  Coblenz.  The  quantity  required  to  make  up  the  hundred  parts  is 
iron.  (Gay-Lussac  &  Wilson,  i\'.  Quart.  J.  of  Sc.  7,  204;  also  Jahresler. 
11,  128.) 

a.  h,  c.  d.  e.  /. 

C  2-45     ....      2-55     ...       1-67     ....      280     ....       2-02    ....       2-10 

P   0-78     ....       0-44     ....       0-49     ....       0*35     ....       0*60     ....       0*87 

Si  1-62     ....       1-20     ....       3-00     ....       1-16     ....       3*49     ....       1-06 

Mn  trace  ....   trace  ....   trace  ....   trace  ....   trace  ....   trace 

g.  h.  t.  k.  I.  m. 

C  2-32  ....  2-254  ....  2324  ....  2636  ....  269  ....  2*44 

P  019  ....  1013  ....  0-703  ....  0-280  ...  016  ...  0-19 

Si 1-92  ....  1-030  ....  0-840  ....  0-260  ....  023  ....  0-23 

fHik    tiBcc  ....      tracp  ....      trace  ....  2140  ....  2b^  ....  ^V5* 
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In  ike  fallowing  invasiigatloiid;  onl^  the  |kn>{)0VltOO  of  carbon  in 
p»g-irpii  was  detennined;  a.  Grey  pig- i run  from  Sain.  Tt^duoeK.!  fr»>m 
Brown  Iron-oro  with  charcoal — 6,  Tho  ^anio,  from  Widdciuitrin  io 
Siegen.  redut-ed  from  Brown  Iro!iH>re  aod  Spathic  Iron-ore  by  chsrcnsi; 
c.  Tlie  same  froDi  Malapan  in  Silciiij^  retlueod  from  S|dit£rosi(kTit€!  kjr 
cbarcoaL — d.  The  sumo  from  the  Royal  Works  in  Silesia,  obtaioi^d  fr<jm 
Ochery  Brown  Iron-ore  by  cokc\— c.  The  £aini%  but  w^itb  a  li^Jta  boi 
worliing  of  the  funiacc.  (Karsten,  Schw.  08^  182.) — PijLr-iroa  from  l^ 
Beniber^:  a.  Grey; — h.  Ordinary  white; — c.  Very  light  white; — d  >^  '  *- 
and  of  normal  c/>nipusition; — e.  Perfectly  bright  or  specular  iron  com 
7  per  cent,  of  nianj^'anese.  (Bromeisj  Ann*  rharm,  43^  241, )  AlJ  liir 
numbers  refer  to  100  parts* 

Karsten, 

a.  h.  e.  d*  f. 

Combined  Carbon    .„,    0'89    ....     1-03     .«*    0*75    ,...     0-58     ,...     0  95 
Free  Carbon 3'71     ..»     S-62     ....     3-15     ....     2'57      .  .     2TQ 

Tot»J.,„.. ,.,.    4-60    ....     4-66     ....    3-90    ....    315     ..„    3'a5 

Bromeij« 

a.  ^.  e.  </.  f, 

Cooibioed  CtrboQ  ..„     0*93    ...     1&14     2ril8    ...,     2*903     ,„,    J  JO 

Free  Carbon .,.     2*34     ....     lOlQ     ....     0500    ...      O'SAfl     ._     072 

Total 3-27     ....     2bH    ....    30J8    ,„.    3*45S     _    3-^ 

Bright  iron  contains  the  largest  proportion  of  carbon^  vii.  5  rt  lu? 
cent=Ke*C.     [This  is  coniradicti?d  by  the  ab<>vc  analysb  of  Br^ 
This  quantity  of  carbon  is  not   increased  by  fusion  in   a  crucible   ♦w,  •; 
with  chjireoal.     With  4*25  per  cent,  of  carljon,  the   laminar   l^^turv  il 
etill   distinct;  with  a  smaller  quantity  of  carbon,  it  {las^s  into  the 
diated;    with   a  still  smaller  qmintity,  it  exhibits  a  closo  and  lbt»nj 
granular  fracture,    the  wbilene^ss   at    the    same  time  diuuni^btDg ; 
when  the  nroportion  of  carbon  is  sitill  further  diuii nibbed,  the  groy  coh 
becomes  lighter  a^^in.     Porous  cast-iron  contains  ^'^  per  iKint  cmrlioBr 
(Kar^ten.) 

The  substances  which  occur  in  pig-iron  in  addition  to  thp  cjiTi*ui0, 
probably  form  compounds  with  a  portion  of  the  iroD,  wbicli  aru  findy 
diH'uAcd  through  or  ili^fsolved  in  tho  carbido  of  Lron.  Tbeae  a4imixtiuti 
ailcct  the  quality  of  the  iron  as  follows  : — 

PUoitphoriis    imparts   to   iron   the  property   of  fn  v«  iftJ 

forming  a  thin  liquid;  and   *iiuce  pho^^phide  of  iron  ?>  ^aicUf 

than  jiure  iron,  il  18  well  adapted  for  castiug?*;  but  if  tiii>  proportioo  d 
phosphorus  aiuonnls  to  1*5  per  cent,  the  irtm  lom:'«j  its  scilidjty.  Tfct 
]arge^»t  profiortion  of  phosphorus,  as  it  occnr^  iu  iron  [mm  Limoniii^ 
amounts  to  .5'C  percent,  (Kar»ten*)  %  ScliafliHUtl  (*/.  /)r,  Chrm.  4^* 
remarks  that  cast-iron^  bur-iron,  mid  steel  utmost  .always  coatatii  nianei 
less  an^enic  and  phosphorus^  which  often  greatly  inipmro  their  uuali^ 
Thas  thb  celebrated  Daiinemora  iron  and  the  English  Low*Mo«ir  i 
owe  their  good  qualities  to  the  prewjuce  of  ursenic;  and  a  pti^t^  ^  -  ' 
of  Hnssian  iron  (marked  CCNDj  from  DemidorlFs  work*  at  > 
llsk  in  indebted  for  its  peculiar  qualities  to  the  phoupburus  xkuv.u  i*  ' 
coutAins.  ^i 

Iron  which  contiuns  mdphur  beoomcis  viscid  and  solidtfics  uuieklj,  ^ 
eoolod  iu  th^  l«ast  dogroo  after  ftuion,  and  during   the  soUdificaliiBi 
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oayltios  and  air-bubbles  arc  ofteu  formed.  Evon  if  tho  quantity  of 
fiiilphur  amounts  to  only  0'37  per  cent.,  tlio  metal  when  converted  into 
bar-iron  is  perfi^ctly  useless,  brciiking  to  piecea  under  the  hammer  at  a 
red  heat. — ^V'llen  a  suiall  quantity  of  sulphur  (|  to  ^)  is  stirred  about  at 
the  bottom  of  molted  ^'I'cy  pi^'-irou  prepared  from  mau;,Mniferon8  brown 
iron-stone,  the  fused  m:uss  solidifies  in  the  form  of  brufht  iron,  exactly 
resembling  that  from  which  rougli  steel  is  prepared.  Piir-iron  free  from 
manganese  likewise,  when  thus  treated,  yiehU  bright  iron,  containing  : 
Fe  D4'0d, — combined  carbon  4*9rj  (it  d«)cs  not  contain  graphite), — S  0*61, 
—Si  rO.5  (excess  OG'i.)  Even  if  this  process  does  not  produce  bright  or 
specular  iron,  it  at  lea^t  always  yield.s  white  iron.  On  the  other  haml,  fused 
bright  iron  obtained  from  spathic  iron-ore  is,  by  admixture  of  snlphur, 
completely  converted  into  grey  pig-iron.  In  all  these  fusions  with  sul- 
phur, a  black  m.'iss  consisting  of  graphite  and  sulphide  of  iron  separates 
on  the  surface  of  the  metal.  [Conse(|uently,  the  sulphur  expels  a  portion 
of  the  carbon  from  its  combination  with  the  iron.]  (liiiene,  J.  pr.  Chem. 
26,  308.) 

Silicium  becomes  mixed  with  the  iron  in  consi<lerable  quantity  when 
coke  is  usoil  as  the  reducing  ageut;  the  largest  amount  found  by  Karsten 
was  3*40  per  cent.  A  larger  ])roportiou  deprives  grey  cast-iron  of  its 
lustre,  and  gives  it  a  dull  aspect  and  an  ash-grey  colour;  a  similar 
effect  is  produced  by  otlu;r  earth-metalii.  Genenilly  spcuiking,  grey  cast- 
iron  contains  more  silicium  and  manganese  than  tho  white  variety. 
(Karsten.) 

Arsenic  occurs  in  ])ig-iron  more  frequently  than  is  commonly  sup- 
posed. It  is  not  evolved  in  the  form  of  arsouiuretted  hydrogen  ga,s  when 
tho  iron  is  dissolved  in  dilute  sulphuric  acid,  but  remains  in  the  bla^rk 
xesiduc,  from  which  it  may  easily  be  extracted  by  caustic  potash  or  hydro- 
sulphate  of  ammonia,  and  thou  jirecipitatod  by  acids  in  the  form  of  sul- 
phide of  arsenic,  or,  in  the  case  of  the  })ota>li-solution,  by  passing 
sulphuretted  hydrogen  throuirh  the  liquid,  and  boiling.  This  sulphide  of 
arsenic  often  leaves  a  snuill  quantity  of  sulphide  of  molybdenum  when 
distilled.  (Wohier,  Ann.  Pharm,  OU  J»-^) 

Sef*5trom  reduccil  forri('  oxide  mixed  with  varions  foreign  substances,  in  a 
charcoal  crucible  bef«jre  the  blowpipe,  whereby  dilierent  elemrirts,  such 
as  phosphorus,  sulphur,  arsenic,  .^ilirium,  calcium,  magnesium,  aluminum, 
and  manganese  were  made  to  combine  with  the  iron,  and  alter  its  pro- 
perties.  (For  the  results  of  these  important  experiments,  vid.  ./.  techn, 
Chem,.  10,  14.>.) 

Cast-iron,  when  heated  in  the  air,  exhibits  the  same  surface-colours  as 
steel  and  bar-iron.  White  inm  shows  colour  s«)oner  than  steel;  cast- 
iron  sometimes  more  slowly  than  bar-iron.  (Karsten.)  Cast-iron,  by  con- 
tinued ignition  in  the  air,  is  ccmveried  from  without  inwards  into  scale- 
oxide,  the  carbon  at  the  same  time  esraj)ing. — If  th(»  ignition  be  interrupted 
before  the  white  cast-ircm  is  conij»letcly  converted  into  scale- oxide,  tho 
leniaining  iron,  from  loss  of  carbon,  is  found  to  be  dark-grey,  soft  and  mal- 
leable like  the  softest  grey  cast-iron,  but  does  not  appear  brittle  or  porous. 
If  it  be  protected  from  the  air  during  ignitiim  by  covering  it  with  various 
powders,  even  with  charcoal  jmwder,  it  is  converted  into  the  same  kind 
of  soft  cast-iron,  without  much  formati(»n  of  srale-oxi»le.  The  same 
conversion  takes  place  without  any  formation  of  oxide,  when  white  cast- 
iron  is  surrounded  with  chalk,  a^hes,  or  ferric  oxide,  and  ignited  in  close 
Tessels.  On  this  projMjrty  depends  tho  annealing  of  iron  castings. — Grey 
cast-iron  when  exposed  to  the  air  covers  itself  with  tscale-oxv^e,  ;v\k^  ill 
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mArw  the  oily  h jdrooarbon  contained  in  thQ  carbonaceous  roaidit€>i  thereby 

wettiQg  and  petietrating  it  completely  IT. 

Dunicll  (*SV/*«f.  IJJ;  202)  by  dlssolviugf  caiit-iron  in  bydrochloric  or 
stilpliuric  acid,  obtained  a  .subi^tuuce  which  could  be  cut  with  the  knife, 
and  when  dried  in  tho  air  upon  blottinfr-p*ipor,  borauie  beatcNl,  and,  if 
in  mass,  oven  took  tiro  spontanoonsjy,— Cauncjii-baUs  (not  all)  whiuk  had 
lain  for  42  ypar«  untler  sea  water,  wero  found  to  bo  converted  into  a 
subntance  liko  plumbago,  some  to  the  tbickne^  of  half  au  iucU^  oikers  Ui 
tho  very  centre.  (Sillimau^  ^V//t  Jwicfr.  J.  4,  178;  ai^o  Schu*.  3.3,  481,J 
[The  lialls  which  withstood  the  action  of  tho  aea-water  probably  ooitaiiiiea 
of  white  ca^L-iron.] — Cannon-balls  lyiu^  in  the  eca  on  the  ooasi  of  No 
mandy^  where  they  had  been  deposited  during  a  soa-fight  in  1692,  hi 
retained  their  form  and  bulk,  but  lost  two-thirda  of  their  weight;  the 
yielded  to  tho  kuifo,  had  no  action  on  the  magnet,  and  no  longer  eon- 
tfttned  metallic  irun.  (Deslon^champei;  J,  Chim,  MM,  13,  8LI«)  Balb 
Mi«6d  at  CarlMcrona  from  a  ship  »unk  50  years  before,  were  found  to  be 
converted,  through  one-third  of  their  ma^^s,  into  a  jxirons,  graphitic  sub* 
•Uince,   which  became  strongly  heated   when  exposed  to  the  air  for  a 

2imrter  of  an  hour,  so  that  the  adhering  water  evaporateiL  (Bt?rzeliu«» 
fhrh,) — Sea-water  does  not  extract  all  the  iron  from  ciu>t-iron,  but,  like 
ditnte  eulphurio  acid,  leopve^  graphite  mixed  with  a  graphitio  substanot 
(FeC*)  which,  as  it  dries  in  the  air,  becomes  heated  even  to  redneat. 
Ca^t-iron  immersed  in  fresh-water  is  likewise  converted  by  the  earbouio 
acid  of  the  air — though  very  slowly  and  with  deposition  of  iron*rast-^iiilo 
tho  same  mixture  of  graphite  and  FeC^  (Karsteu.)  Oxidation  of  oft»l« 
iron — even  more  rapid  than  in  aea^water — likewise  takes  places  al  the 
months  of  rivers  falling  into  the  sea,  where,  at  the  ebb  and  tlow  of  tka 
tide,  the  lower  part  of  the  iron  Iti  placed  in  contact  with  ^a-wiiter,  and 
the  upper  part  with  river-water^  so  that  a  galvanic  [BuchuUianJ  eirettit 
is  formed.  Foul  sea-water  act«  more  stningly,  in  cou»ei|uoBoe  of  ihn 
hydro^ulpb uric  acid  which  it  contains.  The  imr face  of  the  iron,  wkicb^ 
by  the  sudden  cooling  in  moist  sand,  \\\m  been  brought  to  a  Jitate  appraaob^ 
ing  more  nearly  to  that  of  white  cast-iron — rcfti^ts  tho  action  of  the  w&lor 
better  than  tho  interior,  (Mallet,  J.  pr*Chan.  2-,  3»V2.) — Aqueous  eblo- 
ride  of  copper  extractj^  all  the  iron  from  cast-iron,  leaving  behind  the  wboli 
of  the  ciirbon  mixrd  with  copper.  (Berzelius,  i^ogff*  46,  42.) — A  slmilmf 
action  in  produc«'d  when  nist-iron  is  placed  in  contact  with  a  lump  of  faseJ 
chloride  of  silver  utnler  water  containing  a  few  drop^  of  bydroddorio 
acid.  The  silver  \»  thereby  redutred.  (Derzelius. ) — The  harder  kind^  of 
white  ca*^t-iron  placetl  in  contact  with  water  and  chloride  of  ^ilvitr  ar« 
ftlowly  dccompojicd,  leaving  a  black-brown  mould;  the  c-ofter  kin^U  do^ 
c<impogo  more  quirk ly  find  leave  graphite,  bbick-brown  mould,  and  tht 
graphitic  mass  FeC*,  whieh,  by  longer  aeticm  of  the  chloride  of  eiiver,  m 
likewiM*  converted  into  bbirk-brown  monbl,  though  le»^  quickly  tlum  in 
dilute  acid».  Orey  east-rron  gives  with  water  and  chloride  of  uilvcr  a 
mixture  of  gmphite  and  Kt>C\  (Karsten.) — Aqueous  Molutioa  of  iodnur 
in  the  dame  manner  a»  the  luctullie  chlorides,  (Herzelius.^ 
White  or  grey  caatdron  immer8etl  in  charo4»al  p<iwder  and  igaileJ  for 
long  time,  or  fused,  take*  np  from  I  to  I J  |M>r  cent  tnorv  earfcoiD, 
ltnl<^^  it  JA  previously  satnrnted  with  ciirbon  like  bright  inm,  ati«l  tli* 
white  variety,  when  heated  to  redncii*  bet  wren  charcoal,  b6coitie#gf«jiii4 
»<oft  (Kan»ten.) 

[Vpon  Ur-tfTm,  «t«t>b  mut  cAst-trtui,  atc  rs(H-(nA!lv  Kjifs1«rn  {S^Mttm  4tir  MMaM^ 
Imjfif,  ia31-32,  IM.  I;  9\m)  Sckur,  66,  51  and  166).    fhe  nutneioui  mtfthmmltB  if 
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SchafU&atl  (/.jir.  Chm.  19,  150  and  408;  20,  465;  21,  129)  are  also  well  worthy  of 
notice.] 

d.  Pure,  Saturated  Cast-iron. — Fe*C. — By  fusing  finely  divided  iron 
or  sU'cl  with  charcoal  onco  or  nioro,  a  dark  grey,  fii.sihle  carbide  of  iron 
18  obtained,  having  a  laminar  texture,  and  ca[>ai>le  of  being  pounded  in  a 
mortar.  (Faraday  &  Stodart,  GilO,  06,  183.)  Bar-steel  fuses  to  a  eiinilar 
compound,  if  the  cementation  be  carried  too  far.  (Buttery.)  The  carbide 
of  iron  obtained  by  continued  cementation  of  ir<m  with  lamp-black*, 
resembles  ordinary  caiit  iron  in  the  appearances  which  it  presents  at  a  red 
or  a  melting  heat,  and  in  its  reactitms  with  other  bodies.  (Karsten.) 
4  atoms  of  iron  strongly  ignited  or  fused  with  cxcetkj  of  charcoal  appear 
to  take  up  at  most  1  atom  of  carbon. 

Faradav  &  Stodart. 

4Fe 108       ....       94-73         *94-36 

C    6       ....         5-27         5-64 

Fe*C 114       ....     100-00         ZZ       10000 

e.  Fo'C. — When  Pnis^jian  blue  i^  ignited  in  close  ves.<»ols,  thcro 
remains  a  black  powder,  which,  if  expo.sed  to  the  air  while  still  warm, 
takes  fire  and  burns  away,  yielding  carbonic  acid  and  sesquioxide  of  iron. 
(Proust,  Ittner,  Berzelius.)  Ilobicjuet  reganls  the  residue  as  a  mere 
mixture,  since  it  i.s  magnetic,  rusts  by  contact  with  water,  and   readily 

fives  up  its  iron  to  hydrochloric  or  sulphuric  acid,  with  evolution  of 
ydrogen. 

f.  FoC*. — Ferrocyanic  arid  or  f<^rrocyanidc  of  ammonium  heated  in  a 
close  ves?el,  leaves  bicarbido  of  iron,  which,  when  Htrongly  heated  in 
nitrogen  ga.s  exhibits,  a  glimmering  light  unattended  with  ciiemical 
cbange.  It  is  a  loose,  bhw'k  powder,  which,  when  slightly  heated  in 
the  air,  burns  like  tinder  and  is  converted  into  ferric  oxide  of  equal 
weight.  (Berzelius.) 

*/.  FeC^  ? — Sometimes  left  behin<l,  together  with  graphite,  in  the 
action  of  dilute  sulphuric  or  hydrochloric  acid,  sea-wuter,  &c.,  on 
unhnrdened  .steel  and  grey  ca.st-iron;  it  forms  a  grai)hite-like  but  mag- 
netic mass,  which  oxidizes  in  the  air  with  c<msiderablo  evolution  of  heat, 
is  converted  into  mould  by  the  c(»ntinued  action  of  acid.'j.  and  when  burnt, 
leaves  from  82  to  i)4  percent,  of  ferric-oxi«le.  (Karsten;  mtftp.  pp.  204, 
20;j,  200,  218). — Berthier  {Jahnslhr,  14,  IGO:  obtained  a  similar  mass  by 
treating  cast-steel  with  aqueous  bromine  or  iodine  in  quantity  not  sufh- 
cient  to  dissolve  the  whole  of  the  iron;  it  was  in  the  form  of  the  inm, 
could  be  pres.sed  between  tlie  fingers,  and  was  magnetic;  it  was  not 
decomposed  by  exce.s.s  of  bromine  or  io«line,  until  all  the  free  iron  was 
dissolved.  It  contained  81*7  j)er  cent,  iron  and  18'.3  carbon;  hence  its 
fonnula  should  be  FeC. 

B.  Carbonate  op  Feruoi-.s-oxidt:.  or  Ferrofs  Carronate. — 
a.  Monobasic. — The  anhydr«>us  occurs  in  the  forms  of  Iron-spavj  ^Spathic 
Iron-orty  Stahhtein  or  JSj>fi<i rostf/erif', ami  Junhrite.  Iron-spar  is  isomor- 
plious  with  calcspar.  An  acute  rhombohe<iron,  /'//as.  141,  14:3,  14.5; 
r':r*=72- ;i8';  z-^:  7-^=  107  2'.  Cleuvage  parallel  tor.  (Hauy.)  Spe- 
cific gravity  3820  (Molis),  3-872  (Neumnnn).  Harder  than'  calcspar; 
white  and  tran.<lucent.  In  iron-spar,  part  of  the  ferrous  carbonate  is 
often  replaced  by  the  i.somoridious  carbonates  of  lime*,  magnetia,  and 
manganous  oxido. — Junkerite  form.s  yellowish-grey  rectangular  octo- 
hedrons.  (^Fig,  47.)     Cleavage  perpeuiicular  to  the  ax\H  axvd  \»^i:\C!\^  \» 
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agltaiiou  and  straining,  and  lastly 
Scl»  hull  era  method,  in  a  bottle 
lid  with  iiuen,  and  having  a  long 
1  to  iti  mouth,  as  in  RcaFs  press 
■  itioTi  m  a  stoppered  bottle  kept 
ly  boiling. — The  precipitate,  after 
tmduced  into  a  bag  of  bibulous 
I  moii^st  bladder  and  dried  between 
a  bladder   without  the  paper 
r(High  washing  by  decantation,  is 
,  tho  liquid  decanted,  and  the  wet 
t,  previously  connected  air-tight 
Lied  of  air  as  completely  as  possible 
1  of  the  retort  having  been  stopped 
lliol  paaaea   over   and   the  residue 
[.applied,  the  carbonic  acid  escapes, 
er  having  been  covered  with  ether 
a  distillatory  apparatus  filled  with 
carbon ic  aciil  gas  is  then  made  to 
•Teatmcnt,  thti  precipitate  is  rendered 
•  posure  to  the  air.  (G.  Schmidt.) 
iy  eacces^fid,  is  a  greenissh -white  or 
idcdj  and  tasteless  powder,  containing 
acid.     When  ignited  out  of  contact  of 
*:i<l    and    carbonic   oxide,    and    leaves 
ciiclii  after  cooling  in  air-tight  vessels. 
The  moist  powder  becomes  perfectly 
^  eome  days,  giving  off  carbonic  acid  and 
[To  ferric  oxido.     When  not  well  dried,  it 
oming  very  hot  and  giving  off  vapour  of 
if  wTule  in  the  moist  state,  it  acquires  a 
it  more  permanent.  (Klauer.)     When 
^^  it  rapidly  evolve 3  earbonic  acid.  (Comp* 
Buehnerj  Witt^tein,   F.  W.  Schmid,  jReperL 
ll,  210;  07,270j  BoIle,^er/.  Jahrh.  33, 1,  121; 
4B ;    Wilkena,  Klauer,   Ann,   Pharm,    10,  86; 
rm,  24,  289.) 

•  solution. — Formed  by  dissolving  the  normal  salt 
ich  dissolves  with  evolution  of  hydrogen — in 
jut  of  contact  of  air.  The  colourless  solution, 
ruffinous  taste,  is  decomposed  with  precipitation 
if  the  air  has  access  to  it  even  but  sparingly;  it 
ite  with  hydrosulphuric  acid,  and,  according  to 
.6  with  tincture  of  galls.  According  to  Vauquelin 
black  precipitate  with  hydrosulphuric  acid  is  not 
n  has  been  exposed  to  the  air  for  some  time;  it 
lie  acid  escapes.  To  preserve  chalybeate  water 
Irst  bo  filled  with  carbonic  acid  gas,  then  filled 
ter  with  the  chalybeate,  and  lastly  corked  under 
mode  of  preservation  is  the  introduction  of  iron- 
sugar.  In  sugared  chalybeate  water,  liydrosiil- 
le  of  iron  may  be  detected  after  the  water  h:ii 
lischof,  Schw.  57,  2C;  J,  pr,  Ckem,  1,  341.) 
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two  diagonals  (angles  =  108^  26'  and  7P  34),  Specific  gravity  3'$15. 
Harder  than  calcsjmr.  It  therefore  exhil>it3  with  regard  to  jrati-q>ar  ih 
eanie  diniorpliism  that  arragouite  exhibits  with  regard  to  cak!S|Ar. 
(Dufrenoy,  A7ui.  Chim,  P/tt/s.  56,  198;  ahso  J.  pr.  Ch^m,  3,  2<>L)  K> 
cording  to  Brcithaupt  {Pofjff*  58,  278),  on  the  contrary,  junkerite  luu  tk 
same  form  as  iron-spar,  and  the  so-called  octohedron  which  it  exhlliitf 
arises  from  the  truncation  uf  an  acute  rhombohedron,  Fi^.  133. 

Iron-spar  when  heated  to  redoess  gives  off  4  voluraes  of  carbonic  wid 
gae  and  1  volume  of  carbonic  oxide,  and  Icayes  black  magnetic  fern 
ferric  oxide; 

5FeO,C02  =  3FcO,rc20'  +  4CO'  +  CO, 

(Dtibereiner,  Schw.  28,  43,)  According  to  Fuchs,  also  (J.  pr.  C^A 
17»  108)  the  residue  left  after  the  ignition  of  iron-spar  contains  »«• 
more  ferrous  and  le.ss  ferric  oxide  than  magnetic  iron-ore.  ^  Accon " 
to  Glasson  {Ann.  r/ntrm,  62,  80),  iron -spar  when  ignited  out  of  cohU 
of  air,  gives  oH'  5  volnmcs  of  carbonic  acid  to  1  volume  of  carbonic  uxi4 
and  the  residual  oxide  con  sis  ts  of  4  FeO,  Fe"0\  If  Hydrate  i»f  pt^tii 
likewise  converts    iron-spar    into   ferroso- ferric   oxide^   ab  i  ''^ 

carbunic  acid  and  liberating  carbonic  oxide,  but  only  on  th  ft 

of  a  considerable  degree  of  heat.  (Dobereiner.)  In  ilanip  air,  irousvjarjj 
very  slowly  converted  into  hydratcd  sesquioxide  of  iron.  When  hvalcJ  ■! 
a  current  of  chlorine  gas,  it  yields  a  Kubliinatc  of  ><esquichlondi^  i*(  i^ 
and  a  residue  of  eesquioxide,  mixed  with  protocbloride  if  the  guailtUV  ** 
chlorine  in  deficient: 

C(FeO,CO-)  +  3C1  =  2Fe-0*  +  F<^Ci»  +  6C0». 

{WoUler,  Ann.  Fharm.  20,  253,)     Hydrochloric  acid  dissolve  if 
but  slowly,   with  evolution   of  carbonic  acid,      The    mineral   doc*  Vf^ 
dissolve  in  aqueous  hydrochlorato  or  uitrato  of  ammonia,  (Brett.) 

FeO  35       „.,.„.       61-404 

C03    ^...,. 22       .„..„.       39-596 

FeO,CO>  .»..„ 67       100000 

The  hjdrated  $ah  is  precipitated,  on  mixing   a   ferrous  aalt 
carbonate  of  potash  or  soda,  in  thick  flakes,  which ^  when  exposed  to  I 
ir,  ab^tiact  oxy^'^'U  and  evolve  carbonic    acid,  first  assuming  & 
jR^en  colour,  and  then  changing  to  yellawie*b-brown  ferric  hydrate. 

It  is  very  ditficult  in  preparing  thi.s  substance  (for  medical  purj^ 
to  wash   and  dry  the  precipitate  without  allowing  it  to  undergo 
change   just  mentioned,  to  a   considerable  extent. — The   greeij 
used  nmst  bo  j>erfectly  free  from  ferric  Hul|>hate,  e,  ^.,  that  t>bea| 
Bon sdortf's  process, — and  this  salt,  as  well  an  the  moti  'n\ 

carbonate  of  soda  or  potash  used  as  the  precipitant,  mu- 
water  |K'rfoctly  freed  from  air  by  boiling.     (Bicarbimate  of  pot 
a  dense  pulverulent   precipitate:  G.  Schmidt,)     The  prccipitatio 
formed  as  nmeh  as  possible  out   of  contact   of  air,  with  exc 
alkaline  carbonate,  and  for  tho  mo^t  part  in  the  cold*     Wills 
Wiltdtciu,  however,  recommend  precipitation  at  a  boiling  heal,  1 
by  a  quarter  of  an  hour's  boiling,  whereby  tho  fio<9culenl  pr 
collecta  into  a  p*iwder  which   is  easier  to  wash.     If,  however,  the  Iiqi 
contains  a^  hirge  quantity  of  carbonate  of  soda,  the  precipitate  ^^^ 
i;reyi»h-black  on  V>oiling.    (Geiger.)     It  is  washed  with  bailing  ^^ 
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ther  on  a  cloth  filter,  with  frequent  agitation  and  straining,  and  lastly 
resscd  between  bricks  (Bollo);  or,  by  Schindler's  method,  in  a  bottle 
ith  the  bottom  cut  off  and  bound  round  with  linen,  and  having  a  long 
ibe  filled  with  boiled  water  adapted  to  its  mouth,  as  in  Real's  press 
Wilkcns);  or  it  is  washed  by  decantation  in  a  stoppered  bottlo  kept 
onstantly  full  of  water  freed  from  air  by  boiling. — The  precipitate,  after 
borough  washing,  is  either  quickly  introduced  into  a  bag  of  bibulous 
aper,  and  the  whole  tied  closely  up  in  a  moist  bladder  an<l  dried  between 
•O""  and  60°  (Wilkens):  or  inclosed  in  a  bladder  without  the  paper 
Daum^.  Or  the  precipitate,  after  thorough  washing  by  decantation,  is 
igitated  with  alcohol  insteail  of  water,  the  liquid  decanted,  and  the  wet 
Mass  introduced  into  a  tubulated  retort,  previously  connected  air-tight 
srith  a  receiver  which  has  been  exhausted  of  air  as  completely  :is  possible 
by  burning  alcohol  in  it.  The  tubulus  of  the  retort  having  been  stopped 
and  a  gentle  heat  applied,  the  alcohol  passes  over  and  the  residue 
becomes  dry.  If  too  strong  a  heat  be  applied,  the  carbonic  acid  escapes. 
(Folix.)  Or  the  moist  procij)itate,  after  having  been  covered  with  ether 
in  a  retort,  is  dried  at  a  gentle  heat  in  a  distillatory  appanitus  filled  with 
ether  vapour  (p.  171),  after  which  dry  carbonic  acid  gjis  i.^  then  made  to 
pass  through  the  apparatus;  by  this  treatment,  the  precipitate  is  rendered 
somewhat  less  liable  to  change  by  exposure  to  the  air.  (G.  Schmidt.) 

The  preparation,  when  tolerably  successful,  is  a  greenish -white  or 
dark  green,  rather  heavy,  finely  divided,  and  tasteless  powder,  containing 
from  24  to  30  per  cent,  of  carbonic  acid.  When  ignited  out  of  contact  of 
Mr,  it  yields  water,  carbonic  acid  and  carbonic  oxide,  and  leaves 
magnetic  ferroso-ferric  oxide,  which,  after  cooling  in  air-tight  vessels, 
takes  fire  on  exposure  to  the  air.  The  moist  powder  becomes  perfectly 
dry  after  exposure  to  the  air  for  some  days,  giving  oft*  carbonic  acid  and 
being  completely  converted  into  ferric  oxide.  When  not  well  dried,  it 
oxidizes  (|uickly  in  the  air,  becoming  very  hot  and  giving  oft'  vapour  of 
*atcr.  But  if'^  mixed  with  sugar  while  in  the  moist  state,  it  acc][uires  a 
coating  of  syrup  which  renders  it  more  permanent.  (Klauer.)  When 
treated  with  hydrochloric  acid,  it  rapidly  evolves  ca,rbonic  acid.  (Comp. 
J.  A.  Buchuer,  Daum,  L.  A.  Buchucr,  Wittstein,  F.  W.  Schmid,  Rupert, 
16,235;  41,  279 and 285;  Gl,210;  G7,270;  Bolle,i?er/.  Jahrh.  33, 1,  124; 
Folix,  Br,  Arch,  38,  149;  Wilkens,  Klauer,  Amu  Pharm,  10,  86; 
19, 129;  Vallet,  J,  Pharm.  24,  289.) 

6.  Acid  salt,  Aqueous  solution. — Formed  by  dissolving  the  normal  salt 
—or  metallic  iron,  which  dissolves  with  evolution  of  hydrogen — in 
•^Moaa  carbonic  acid,  out  of  ccmtact  of  air.  The  colourless  solution, 
which  has  a  slightly  ferruginous  taste,  is  decomj)Osed  with  precipitation 
of  bydratcd  ferric  oxide,  if  the  air  has  access  to  it  even  but  sparingly;  it 
JjeldB  a  black  precij)itato  with  hydrosulphuric  acid,  and,  according  to 
KdT,  a  purple  precipitate  with  tincture  of  galls.  According  to  Vauquelin 
(J,Pkarm.  13,266),  the  black  precipitate  with  hydrosulphuric  acid  is  not 
prodaoed  till  the  solution  has  been  exposeil  to  the  air  for  some  time;  it 
then  forms  as  the  carbonic  acid  escapes.  To  preserve  chalylwate  water 
in  TesBcls,  they  must  first  be  iilled  with  carbonic  acid  gas,  then  filled 
below  the  surface  of  water  with  the  chalybeate,  and  lastly  corked  under 
»ater.  A  less  efficient  moilo  of  preservati(»n  is  the  introduction  of  iron- 
vire  or  of  4  grains  of  sugar.  In  sugared  chalybeate  water,  hydrosul- 
phuric acid  and  sulphi«le  of  iron  may  be  detected  after  the  water  has 
been  kept  for  a  year.  (Bischof,  Schw.  57,  26;  J,  pr.  Chan,  1,  341.) 
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C.  F'\k  Cii'r.'.r..rf.*r } — Tte  precipitate  thrown  down  by  alkaline  car 
Ixjtato?  fr.r:*  f  .rr  >  -i:.'.'-,  C'Ltain*.  ;i!ter  thoron^li  washing  and  exposure 
in  tL:n  lay-.r-  t .  ::.-=^  ii\  \<  ar  .:  ix  o-illir  f  r  Kalf-a-year,  71 '4  percent,  of 
f«=:rr : c  ■:;  x :  ■i-r  t  -.  r : -.  ■  • : ! y  :  r -  o  f r  :::  f •:  r r  :•  u  *  •.  i : •  k-  • .  S ' 3  ca  rl 'on ic  aci J,  and 
20  0  watvr.  >■  .VvlrViL.  J>.  .  '."  .  P'Ki.  44.  326:  aUo  J.  /*Aar/«. 
16.  j24.  , — TLv  p>;V::^:-  f  niie-l  ly  mixicj^  earK-naie  of  potash  with 
nitrat*:  of  fvrr...-  ..xi:-.-  o  ::.r:--?.  rtf:-.r  pr.j-.r  wa.-hin^  with  cold  water, 
of  Ly'lraiod  ferric  i.iiie,  p-i-rfecly  fr*.-:-  fruiu  carL'.»nic  aoi«L   (Gm.) 

Iron  a>d  Borox. 

x\oo.ir'!lr::  to  Arfve'l-i>n'-=  cxp»:rin-«rn:?.  tl<*  --uch  compound  as  RMt 
of  Ir-jo.  a  j  •}  ♦:  ;i  rs  t'>  ir  x  i  - :  i  v : .  I .  II..  1 0  0 1 .  T  Lo  io-  ca  1 1  od  ho  ride  of  i  fyu 
wh ioh  La- -a i jr.v  . . A.  / '}, i...-,  M^l.  Z .  .!i o  ."> »  uh tai ned  by  i jn i i in ir  burato  of 
ferric  •>xi«I'.-  in  a  «.iirrvr.i  of  hy«ir'j»:u  was  probahly  a  mere  mixture  uf 
iron  and  h-jnicic  a*;:-!.     Cim.; 

A.  Borate  of  FF.RRrir.s  Oxide,  or  Ferrous  Borate. — Borax  a<Me«I 
to  solution  ijf  ferri»u«  ^uljiliate  thruw>  ilown  a  ]*alo  vt^lluw  powder,  wliirb 
melt*  b'.fjro  tl:o  blowpipe  tr»  a  bead  i?i?hoele^.  and'  from  which  a  larjo 
rjuiinlity  of  aci- 1  may  \n  ostrartod  by  wator.  A  coord  in;:  to  Tiinncrniann 
(Kn^'.u,  Arrh.  20.  2ij.  the  I'rooipitate  it  greyi:^h-green,  and  gives  up  all 
its  acid  when  washed. 

B.  Borate  of  Ff.rric  Oxide,  or  Ferric  Borate. — Yellowish 
powder  inr^'luble  in  w.itor:  wlien  heated,  it  turns  brown  and  afterwanld 
fuse?  to  a  L'la.*<.  (Berzeliu:?,  Lchrb,) 

Ikon  ax  I)  Phosphor  is?. 

A.  pHn>p!iiDr>  OF  lK'»y — './.  Ft,* P. — Ftiund  by  Bors'inan  (Opft<c.  ". 
lOO)  and  M-  y»T  in  roId-.-li'.-rt  in-is.  and  rejardtd  as  a  [»oculiar  niotal.  fi-r 
whirli  til'*  ii:iiip'  >■'''/'/'/.'.';  or  //■  fr-.<i-J.r>i.,i  was  jirMpn-od:  it  wa;^  aftiT- 
wanN  n.M;.  j\\\/.*A  \\-  j-hi.-jliidt.'  -.i"  in.n  ly  Mrvi-r,  KIapn»tli.  ai:d  ScliivK'. 
— I.  Pr»'p:ir.'d  by  p::-:-  •.'  pli'i-i'Ii'-in-  vap.nir  nvrr  r^ddn't  ir«»n  tilirij*. -r 
tlirov.i'!::  pi«  «f  i.f  jlt'-jli.'r-:-  M|."n  thi'iii.  <  H:iT«'lii.'tt.; — 2.  By  ii'iiitiiij: 
imii  liliiij"-  V.  Ith  :i'i  .•■!';.. 1  v.-.'"_l.t  .<f  Lrl:U'i:i!  plp'-pln-rii.'  aritl.  i-itln-r  with 
or  wlrl:..i;i  ,' .  yMX  <.f  rhan-  ::il  -In-:,  t  iVH.'ti.r. )  Or  by  I'Xpnsiii::  ^  |-i:('« 
of  is-.. II  fi!:!!.'-.  1"  !■  •  --rirTli.  .*>  tin«.'  •j':.frtz--aiid.  and  I  clian'Mal-p-ittil'-r 
t'l  a  li'.'it  -iilli'-i'::!  l'»  in-il  tl;'-  -iThMti- ff  liiut'.  i  W'olil-jr.) — .'l.  I?y  ii'Tiitiii.' 
ph'»-pliil«r  «.f  f.  iT-.r.^  fAi'!.'  witli  I  it^  woi-ht  of  lamp-black.  With  a 
lar;.''«-r  «|'i:i;u'!v  "f  LiiLp-Mu-k.  a  inixinn'  of  pho-phidi'  autl  rarbitlr  «'f  !r.-:i 
i-  olitain<-d  il;»-  l.iM.r  \\i\\\  I-'  di-ojwil  out  by  liydrncbb-rir  afl«|t;l'at 
half  of  ilj«'  pb"  plioi-  .-  iilw.iy-  volaliii/i>  tluriii:.Mlii-  operation    HbT/rliii-.) 

Col'.ur  d:irk  -*■■.  1  .ri.-y  l.H.  I>.ivv):  w|iit*\  >tn'akt.'d  lui  tbo  fra«'tnp'i 
Mirfari".  { II.i:<].' tjy.  riil\iTiza''l»';  -porillr  i:ravity  <JT.  A  of.. r«  1  i  ii ::  t-.* 
Hat'-In  tt.  it  i'  itiajiiiii'-  and  iM:ty  b--  inadr  polar.  Arri»rdiiij  to  Ror/.i-li-'i 
on  tin-  roiiTiarv.  it  i-  ii«in-iiia«'intir:  bard  and  .-n-i»*j»tibli.'  <»f  pn!:-li: 
brittli-.  \\\\\\  _:r:iniilar  frariun';  -oim-timi-  rry>t;.!Ii/os  in  prinms  .loor 
fusion;  fu-'-  in'i'li  mojr  ra-ily  tlian  ea-t-iron. 

riir/i  Iri-    rt.)  iVllttiiT    1.' 

\\\-  i(.-  ii  ;:  i7  7«i  >•".'>       ....       si» 

i»  .ii  I  iiy.\  i".  ivj       ...       L>i) 


Fl*V       ...         li'J  I  lU(|<MI  iDOODO  ...         100 
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Wben  fused  before  the  blowpipe,  it  slowly  becomes  corered  with  a 
black  slag  of  phosphate  of  iron,  and  gives  up  its  phosphorus  but  slowly^ 
even  in  the  inner  flame.  Not  attacked  by  cold  hydrochloric,  sulphunc, 
nitric,  or  nitro-hydrochloric  acid.  Dissolves  but  slowly  in  strong  nitric 
or  nitro-hydrochloric  acid:  the  former  solution,  if  formed  from  4  parts  of 
phosphide  of  iron,  leaves  on  evaporation  6*5  parts  of  ferric  phosphate. 
(Berzelius.) 

b,  TuKhthirdt  Phosphide, — Fe'P*. — Formed  by  passing  phosphuretted 
hydrogen  gas  over  gently  heated  iron  pyrites: 

3FeS2  +  2PH3  =  FeSps  +  6HS. 

The  pulverulent  compound  gives  a  phosphorus  flame  before  the  blowpipe. 
It  dissolves  in  nitric  acid  and  aqua-regia;  but  not  in  hydrochloric  acid 
even  when  concentrated.  (H.  Rose,  Fo^(/.  24,  333.) 

H.  Rose. 


8Fe 

2P  

...   810  . 
...   62-8  . 

...  56-33 
...  43-67 

56-87  —  54-92 
43-13  —  45-08 

Pesps 

..  143-8  . 

...  100-00 

100-00  —  100-00 

B.  Hypophosphite  op  Ferrous  Oxide,  or  Ferrous  Hypophosphite. 
— Iron  dissolves  in  aqueous  h3rpophosphorous  acid  out  of  contact  of  air, 
with  evolution  of  hydrogen  gas.  The  solution  evaporated  in  vacuo  yields 
a  light  green,  crystalline  mass  which  when  heated  in  a  retort  behaves  like 
the  zinc-salt.  (H.  Rose,  Pot/g,  12,  294.) 

C.  Hypophosphite  of  Ferric  Oxide,  or  Ferric  HYPopnospniTE.— • 
Hydrated  ferric  oxide  dissolves  sparingly  in  the  cold  acid;  but  without 
reduction  to  the  state  of  ferrous  oxide,  and  forms  a  white  salt  which  is 
difficultly  soluble  in  the  free  acid,  and  when  heated  gives  off  easily 
inflammable  phosphuretted  hydrogen.  On  boiling  the  hydrated  oxiJe 
with  the  acid,  a  solution  of  ferrous  hypophosphite  is  obtained,  while  ferric 
phosphate  is  precipitated. 

D.  Phosphite  op  Ferrous  Oxide,  or  Feurous  Phosphite. — Formed 
by  precipitating  green  vitriol  with  tcrchlorido  of  pho.sphorus  dissolved  in 
water  and  neutralized  by  ammonia — washing  the  precipitate,  which  is 
white,  but  sootl  acquires  a  slight  greenish  colour,  with  boiling  water — and 
drying  it  in  vacuo.  During  this  treatment,  the  superficial  portions 
become  oxidized  and  converted  into  brow^n-red  basic  phosphate  of  ferric 
oxide.  The  filtrate,  when  kept  in  a  close  vessel,  deposits  a  small 
additional  quantity  of  the  salt,  and  then  becomes  slightly  turbid  on 
boiling. — The  dried  salt,  when  ignited  in  a  retort,  gives  off  pure  hydrogen 
gas  with  incandescence  and  leaves  diphosphate  of  ferrous  oxide.  The 
residue  contains  (besides  0-12  p.  c.  of  a  black  phosphorous-compound 
insoluble  in  hydrochloric  acid)  5li'05  per  cent,  of  ferrous  oxide  and  46-35 
phosphoric  acid.  (H.  Rose,  Pogr/.  9,  35.) 

E.  Phosphite  op  Ferric  Oxide,  or  Ferric  Phosphite. — Terchloride 
of  phosphorus  mixed  with  water  and  ammonia  yields  with  double 
sulphate  of  ferric  oxide  and  ammonia,  a  white  precipitate  soluble  in 
excess  of  the  iron-salt;  this  precipitate  must  be  washed  with  cold  water 
and  dried  in  vacuo.  The  liquid  filtered  from  the  precipitate  deposits, 
after  long  standing,  a  large  additional  quantity  of  tbe  «a\.\.)  ol  ^  ^ 


•il:  -"^'iTr  Lr-^z^l  :•:  re-i-«e  in  a  retort,  exhibiu  a 
^t'  =  ;-.-::  tt"  j^i.= — ^L^li  c«>txiain»  pfaosphoru 
::t.  :  :-:-r  •^'.'.  Ti.-^zz-i-.'.z'.:  ^.b^t-L.t.*^  not  take  fire 
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r- -  1  T  J.-...-  1  .-i:::::v  ■.:  I'lrrio  o.\i«lo  aiin»uDlin* 
-.Lj.'  :  -  -:t.  [-  -»-.:. 1.  L.^ever.  it  existed  panlvin 


•■"•x:: -.    rr   FERR.^rs    Phosphate.— 

:.  :  ?:^:^.  i.^  //   ■  A-../i-.-.r?  ^,r  Vici'iHttf. 

: :  r- .»:.:.    .*"  :.  >I.  >2. an-i  oilior  furms. 

^  .  ?-.  jr.  2  V.     S.fter  li.axi  calc*i«ir. 

.-.   :    vr :.::  tr.ir.-inrent.  tiiih  a  |H\irlv 

:.. :  '  '.  ^i:;*'.  'n^::ii  i.T::i!ao*ooaco  an  J 

_-.   L..-.JU :■::■-•  1-:^  i.  a-.id   imparting'  a 

I    "lir.r  T-  :i'jl;->  ■i-.iii'n  f.\rracl*  plios- 

..K.     K..*.".'.*  s.'iul'!tf  i:i  hv  lri»chlt»ric  cr 


'  ^  /-  ■  -  v-7.  appoar*  likewise  lo 

::.-  whito  wh'.'u  dr*t  "iuji  up  and 
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ill  Mavk  aiinnal  iii:iiior.  bccaino  covoro«l.  after  KMoral  *Liv» 


exposare  to  the  sir,  with  blue  spots,  which  appeared  to  arise  from  the 
'  irmation  of  triphosphate  of  ferrous  oxide  (  Vivi<J[nite),  (Schlossberger, 
nn,  CL  Pharm,  62,  382  )  Hardinger  (/.  pr.  C/t^m,  44,  81)  mentiODS 
the  occurrence  of  crystallized  Vivianite  in  the  hollow  of  a  bone  in  the 
skeleton  ol  a  miner  found  in  an  old  working  at  Tarnowitz,  If 

b.  Bibatic  f — Ordinary  diphospkite  of  soda  gives  a  white  precipitate 
with  ferrous  salts.  The  precipitate  acquires  a  dirty  hluiab-green  colour 
rm  exposure  to  the  air.  It  fuses  readily  before  the  blowpipe,  and  solidi- 
fies in  a  crystaliiue  raasa  on  cooling  :  it  is  not  reduced  to  the  state  of 
phospliide  of  iron  when  heated  on  charcoal  alooe,  but  only  on  the  addition 
of  carbonate  of  soda.  (Berzeliui?,)  It  is  insoluble  in  water  and  ia  ammo- 
niacal  aaJt«,  but  dissolves  in  afpieous  acids  and  in  ammonia.  The  solution 
in  ammonia  is  of  a  dingy-yellow  colour;  and  when  exposed  to  the  air, 
eihibita  first  a  greenish,  and  then  a  brownish  turbidity. 

c.  Acid  Phosphate, — Aqueous  phosphoric  acid  diassolves  iron  with 
evolution  of  hydrogen  gas,  forming  an  acid  salt  at  firsts  but  afterwards 
tbe  more  neutral  salt  is  deposited  in  the  form  of  a  greyish-white  substance. 
(Scheele.)  The  solution  yields,  with  ammonia,  a  greeniisb  precipitate, 
soluble  ID  excess  of  ammonia.  (A.  VogeL) 


• 
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IT  G.  Pykophosphate  op  Ferrous  Oxibe,  or  Ferrous  FrRO- 
PUOBPHATE. — A  ferrous  salt  mixed  with  pyrophosphate  of  soda  yields  a 
wbite,  amorphous  precipitate,  which,  when  exposed  to  the  air,  immediately 
turns  green,  and  afterwards  brown,  (Sch  warden  berg,  Amu  Pharm,  65, 
153.)  IT 

H.  PuoflpnATE  OP  Ferric  OxidEi  or  Ferric  Phospbate. — a.  Poly* 
1^, — Hemains  in  the  form  of  a  red-brown,  somewhat  fusible  powder, 
wben  the  sesi]^aiphosphate  is  boiled  with  caustic  potash.  (Fourcroy  h 
ITiuqueUn.) 

LUn&ttitt^ Bog  Iron-ore {RaseneUenst^in^  Sumpferz,  Witsenert). — Brown, 
i^itb  cone  hoi  dal  fracture^  fusing  at  the  edges  before  the  blowpipe.  A 
uniture  of  biba^ic(  ?)  phosphate  of  ferric  oxide,  silicate  of  ferric  oxide, 
hraus-like  ferric  oxide,  hydrated  ferric  oxide,  ipiartz-sand,  &c.  in  variable 
[Jfoportions,  The  q^uantity  of  phosphoric  acid  in  it  varies  from  I  "8  to 
1 1  per  cent. 

h.  Biba^ic, — a.  Ore  from  the  Dpt.  de  la  Haute  Vienne.  Brown  needles 
arranged  in  nuliated  masses,  producing  an  olive-green  powder,  and  fusing' 
Wfore  the  blowpipe  to  a  black  opaque  glass.  (Vauquelin,  Ann,  Cklui. 
^Ay#.  30,  202.)  Of  similar  nature  is  Greeti  Iron-itone,  (Karsten,  in  his 
^rchiv.  15^  243-) 
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2FeK)» 

MnO 

1560     , 

71-4  ; 

27-0     . 

.     61-32 

"     28-07         !! 
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Vauquelin. 
56*20       .. 

676 
27-84       .. 

9-20       . 

Karaten. 
.       63-45 

P0» » _ 

3H0 

.,       2772 
8-56 

2Fe20^PO^  +  3Aq. 

254-4     . 

.,,  looeo 

iOO'OO       ., 

..       997a 

fi.  Ore  from  Berneau,  in  the  district  of  Liege.  Kidney-shaped,  wi'tb 
*  coach oidal,  waxy  fracture.  Sp.  gr.  1*85.  Blackish,  reddish,  or  yellow- 
m  brown;  yields  a  brownish-yellow  powder.  Translucent  at  the  thim 
cJges^  Decrepitates  before  the  blowpipe,  and  yields  a  grey,  mngnelic 
wsid*  Falls  to  pieces  in  water;  easily  soluble  in  dilute  hydrochloric  acid- 
(Dt4vaux,  Bull,  de  f  Jcad.  dtBru^elles,  1838, 147;  Dumont,  Pog^^-^X^^^^ 
rot,  V.  a 
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In  th(9  flLllMfH^  an  admixture  of  10  or  11  per  cent,  of  cmrl>ot^ate  of  ti) 
and  between  0*5  and  3*6  of  silica  has  been  dedtietetL 


Jpproximate  CahnlsHon* 
.^..M...**..*....     1560     ...     58-29       ... 

.».       71*4     ....     17  53       .» 

15 .,,._     180*0     .„.     44-18       ,.. 
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46bl 
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49  ;r 


2Fi»'O»,PO»4-20Aq*     40?-4 


10000 


99-77 
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iwoa 


Bfraitnite^  which  crystallises  in  ill-defined  rhombic   prismSt  eontminift 
toh^mhly  larjye  tiiiantity  of  water,  tojjetlier  with  ierric  phosphate  frw?  frii 
ferrous  oxide.     Sp.  gr,  2-*^78.     Coluur,  hyaeinth-rtfd;   Lmuslueeni,  with 
Uearly  lustre.     Fuses  reuddy  before  the  blowpipe,  and  dissolves  cajtilj  i 
tgrdrochlork  acid,  having  only  a  trace  of  silica*     (Breilliaupt  &  PiaUJMfi 

On  Karph  vid,  Breithaupt  {Schw.  50,  314.) 

Mrltmdki'  !  i;ibenstein,  which  has  a  density  of  3*3**,  fa?e«  TrrMf 

bofore  tho  blttwjti|KMtito  a  black  mug^netic  bead,  and   is  m  > 

warm   hydn>elih*ric  aoitl.     Contains,  besides   impurities,    u'  r 

wnt   of  frrrtuKs  oxide,  38*9  ferric  oxide,  and  from  25'5  to  3U'3  pbg«pbonc 
»eid,  (Fuehii,  J.  pr.  Vhrw.  17,  JTl) 

f*  Srtquipki^ate.—Bv  precipitating   eesqaichloride    of    iron   witb 
iMtditmiy  diphoapliaio  of  «oda: 

tf«3»  4^  3(2N»0.  ePO*)  =  2Fc*0*,3cPO*  ^^  CNtCL 

Thi«  <>a)f Illation^  howcTer,  is  not  in  accordance  with  A»  VogeFt  avalyiiii 
whioh  |;ives  t^*  il.  ferric  oxide,  38  acid,  and  24  water*     T       '  ' 

tl^HH^ulent   JM  n^tatns  it5  colour  when  dry ;   but  at  a  r 

IftVi-^s  otl'  wntcr,  turu^  ytdU»vv,  and  afterwards  fusee  to  a  grv^y  bead.  {Ikrji 
With  carbonate  of  soda  upon  cuareaa)^  H  r^rhU 
Caustic   pot^ish   imine*liately  r  »i     - 
r^iwinirtbe  irreater  part   of  if^ 
"^     '      '  lubit^  the 

.     ^  \     --;  in  the  1 

-itc  bn>wii  and  then  dis£$t>lvei<  it«  font 
I  .  tiiacal  iolttllaii  remains  clear  w)i 
but  yields  PruaaiaD  blue  on  th 
,  5bt.)     The  salt  can  only  U 
by  e^K>ralion.    (Dobereiner, 
.,«  likewise  di3^l%'C9  the  precipitatv.  , .     - 
Wbfii  tmniersad  in  carbonate  of  smb..  it  sIottIt 
ll^^^M^Tv^  !*  TV  '  ^-—  ro^U^ur,  aod  diftsnlTf^  partially  in  a  l-.-—  ^--^-^-i    I 
1h('  In^Mid.    I  Th^  salt  di^olree  la  150t>*part4  ol  slrr, 

ami  mMy  iu  miuic  aruW^  (BttfntaiL)     It  doet  QOl  diasolire  m  t  uju  iu*<i)£ 
•«M.  ar  ia  a<|aMi>  amnMMuaaat  aalla.  (Wttialeia*  Mqmi.  03,  224.)    Tbt 
l#<|  fall  fiMvolTOi  flmy  in  warn  aoisaQfia  salphunioa  ao^ 
iW  fims  aadm  Mout  redacaJ  la  iIm  ilala  i' 


nmn,  Oft.c«,»  ,1,  lift  \ 


wiit 

ftukai  ili»  aauaotiiacal 

3t:i  "^     » -^^- waf#  of  ^, 
lia>  ^1310 


tW  a^idrlital 


Ai#*  Aad  lipavi^  a  (Ifftf  wya^ 


^olatkn  of  tW  salt  r  la  a^<ioi»  |ili«f|itot0 
.a  tjhm  te^Mcl*,  yM^b  maaU^  tfmn^norat,  laR^ 
cf  la«lfa  (joai«itflM9  witli  m  pale  rof  tokw. 
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I  heat,  fuses  to  ft  grey  slag,  Thej  are  ioeoluble  in  water,  but  dissol^a 
in  ammonia^  forming  a  red  solution,  and  very  easily  in  hydrochloric  acid^ 
''—    ng  a  light  brown  solution.  (Winckler,  EepeH,  38,  197.) 


2PO« 
8HO 


Approximate  CatcMlaiion,  Winckler. 

780       ».,      2663        250 

142^8       ...,      4877        52-5 

72^0       .,..       24"60  ........        22-5 


Fe=0',2PO  +  8Aq .„       292'8 


100-00 


100-0 


IT  L  Pyrophosphate  OF  Ferric  Oxide,  or  Ferrio  Pyrophosphate, 
— Obtained  by  didsolving  sublimed  scsquicbloride  of  iron  rii  water,  and 
precipitating  by  phospbato  of  fioda;  tho  supernatant  liquid  is  neutral. 
Nearly  white  powder,  b living  a  slight  yellowish  tinge,  which  deepens  at 
100  ,  and  becomes  lighter  again  after  ignition.  Dissolves  in  acids  and  in 
phosphate  of  sotla,  iikowise  in  ammonia;  in  the  latter  it  forms  a  yellow 
fiolniion.  Insoluble  in  hydrochloric  acid,  sulphurous  acid,  and  sal- 
ammoniac.  On  diiisolvtng  it  in  hydrochloric  acid  without  boiling,  and 
precipititting  by  ammonia,  the  precipitate  dissolves  completely  in  excess 
of  ammonia.  Carbonate  of  ammonia  dissolves  it,  forming  a  colourless 
solution,  whereas  the  ordinary  phosphate  forma  a  yellow  solution.  It  is 
completely  decomposed  by  fusion  with  a  mixture  of  carbonate  of  soda  and 
carbonate  of  potash.  The  salt,  after  drying  at  lOO**,  lost  by  ignition 
17'60  p.  c.  of  water,  and  the  ignited  salt  was  found  to  contain  41 T 
Fe=O^H-  58-3  PO*.  Theso  numbers  accord  witk  the  formula  2Fe'0^36PO* 
+  9  Aq, 

Acid  sesquichlorido  of  iron,  precipitated  by  pyrophosphate  of  soda, 
yields,  not  pyrophusphate  of  ferric  oxide,  but  an  ordinary  phosphate, 
containing  1  atom  of  base  to  1  atom  of  acid;  iu  100  parts  :  6166  Fe*0'  + 
48*34  POl  Thi8  salt,  when  boiled  with  ordinary  phosphate  of  soda,  does 
not  yield  pyrophosphate  of  soda,  as  is  the  case  w^ith  the  preceding, 
(Schwarzenberg,  Ann^  Fhat*m,  65,  153.) 

K,  Metafiiosphate  op  Ferric  Oxide,  or  Ferric  Metaphosphate. 
— Formed  by  mixing  sesquiehlorido  of  iron  w^ith  excess  of  dilute  phoa- 
plioric  acid,  evaporating  to  dryness,  and  hentlng  the  residue  in  a  platinum 
capsule  to  31  G\  White  powder,  insoluble  in  water  and  in  dilute  acids, 
but  soluble  in  strong  8ulphuric  acid.  Contains  26 '35  per  cent,  of  Fe'0\ 
corresponding  to  the  formula^  Fe'0',3P0*,   (Maddrell,  Ann.  Fkarm.  61, 

['  )  T 


Iron  and  SniPEim. 


A.  One-etghth  SuLPeiDE  OP  Iroji. — Formed  by  parsing  hydrogen 
I  over  red-hot  disulphate  of  ferric  oxide;  water  is  formed,  eulphuroud 
Tfcid  and  a  large  quantity  of  hydroaulphuric  acid  given  off, — and  thera 
remain  59*52  part.^  of  Bulphide  of  iron  for  every  100  parts  of  the  dry  salt 
used.  Blat'kisb-grcy  powder,  producing  a  grey  metallic  streak.  Containa 
27  part«  of  iron  to  2  pts.  sulphur.  When  treated  with  dilute  acids,  it 
yields  7  volumes  of  hydrogen  gas  to  1  volume  of  sulphuretted  hydrogen, 
jArfvedsonj  Po^jf/,  1,  72.) 

W  B.  DisuLPHiiiE  OP  Iron. — 100  parts  of  anhydrous  sulphate  of  ferrous 
oxide,  decomposeil  by  hydrogen  gas  at  a  red  heat,  yield  at  first  snlphuroua 
.d  water^  then  hydros ulphurio  acid^  and  leav©  i^'lA  ^twta  qI  ^x^* 
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phide  of  iron.  Dark  grey  powder  ^ggreg&ied  m  lumps,  strongly  attracted 
l>y  tlic  magnet;  contains  27  iron  to  8  sulphur.  Hyarosulphuric  acid  g^, 
passed  over  it  at  a.  red-bea,t,  converts  it  into  the  sulphide  of  iron,  corre*- 
ponding  to  magnetic  pyrites,  wliereby  35  parts  are  increased  to  45. 
Dissolves  in  aqueous  acids,  with  evolution  of  4  vol  hydrogen  gas  to  1  vol. 
hydroaulphuric  acid.  W!ien  a  mixture  of  20  parta  protosulphide  of  iron 
and  12  of  iron  wire  is  fused  in  a  charcoal  crucihle,  2  layers  are  formed, 
the  lower  of  which  is  casiit-iron  containing  2%5  per  cent,  of  sulphur — ^from 
admixture  of  fiulpliide  of  iron— while  the  upper  layer  consists  of  proto- 
sulphide of  iron  mixed  with  a  small  quantity  of  cast-iron,  often  distin- 
gnishable  by  the  eye.  ( Berth ier,  Ann.  Chim,  Pkt/s.  22,  241.)  Perbapi 
the  presence  of  carbon  hindered  the  formation  of  a  lower  sulphide;  for, 
according  to  Berzelius,  protosulpliide  of  iron  dissolves  metallic  iron  at  n 
strong  heat,  producing  a  lower  sulphur-compound. 

C.  Protosulphide  of  Iron,  or  Ferrous  SuLrmDE. — Occurs  in  small 

quantities  in  many  meteorites;  sometimes  fornjed  by  the  reducing  action 
of  putrefying  organic  bodies  on  ferrous  sulphate  contained  in  well- 
waters, — out  under  such  cirLniinstances  it  is  always  mixed  with  a  higher 
sulphide,  (Berzelius.)  Heated  iron*wirc  hums  vividly  in  sulphur  vapour 
(11,  221).  A  mixture  of  iron-JilJngs  and  sulphur  glows  vividly  when 
heated.  Sulphur  pressed  against  red-hot  har-iron  (not  cast-iron)  per- 
forates it  by  forming  sulphide  of  iron.  (Evaiiij  Ann,  Chim^  Ph^*.  25, 
106;  also  Sc/tw.  43,  330.) — Preparation.  I.  Iron-plate  cut  into  stripe  '\9 
gently  heated  in  a  covered  crucible  with  sulphur  not  in  excess,  and  iho 
resulting  sulphide  separated  by  bending  the  iron.  Sulphide  of  iron  thai 
obtained  is  free  from  excess  of  sulphur.  If  the  heat  applied  is  too 
strong,  the  sulphide  fuses  totjrtlicr  with  the  remaining  iron;  if  the  sol' 
pbur  18  in  excess,  magnetic  pyrites  is  formed.  (Berzelius.) — 2.  By  ignit- 
ing iron-filings  with  two-tiiirds  their  weight  of  sulphur  in  a  coveied 
earthen  or  cui^t-iron  crucible.  The  iron-filings  are  either  disponed  in  a 
layer  above  the  sulphur  or  the  two  are  mixed  (II,  221,  a  and  6)*  Id 
either  case,  the  crucible  is  surrounded  and  covered  with  dead  coals^  and  a 
few  live  coals  laid  upon  the  t«»p;  a^  soon  as  the  whole  is  red'hot»  thf 
door  of  the  furnace  is  closed,  (fruu^t,  .A  Pht/s,  91,  2? I.) — 3.  Sulphur  is 
held  against  a  red-hot  iron-bar,  and  the  sulphide  of  iron,  as  it  runn  off, 
allowed  to  drop  into  water;  or  a  bar  of  iron  is  repeatedly  heated  to 
whitenees  and  dipped  into  melted  sulphur  contained  in  a  cast-iron  crncibk 
and  frequently  renewed.  (Gahn.) — 4.  A  finely  divided  mixture  of  seal©- 
oxide  of  iron  and  sulphur  is  heated  to  redness. — 5.  Iron  pyrites  is  lieftled 
to  redness,  either  alone  or  with  a  small  quantity  of  iron-filings,  Tbf 
methods  2,  3,  4,  and  5  may  likewise  yield   the  following  sulphur  coilh 

{louucl,  corresponding  to  magnetic  pyrites;  but  when  sulphide  of  iron  it 
leated  till  it  fuses,  the  residue,  according  to  Bredberg,  always  consiaU  of 
protosulphide  of  iron. — 6.  By  igniting  anhydrous  ferrous  sulphat«  in  ft 
crucible  lined  with  charcoaL  The  product  contains,  however,  only  3i 
per  cent,  of  sulphur,  likewise  more  or  less  carbon.  (Bertliier,  Ann,  CJkim* 
Phy$.  22,  241.) — 7.  By  igniting  1  part  of  iron-filings  with  1  mrl  of 
charcoal* powder  and  4  parts  of  lead-solphate,  whereby  metallic  lead  U 
obtuined  at  the  Kimo  time.  (Fischer,  N.  Tr,  6,  1,  2!)«.)  —  Yellow,  with 
metallic  lustre;  yields  a  yellowish  powder;  it  is  attracted  by  ibo  msg^ 
net.  The  protosulphide  obtained  by  fusing  iron  pyrites  is  len  Iwitl 
than  the  bisulphide,  and,  on  exposure  to  the  air,  crumbles  to  a  bulky 
v'der  which  omiU  a  disagreeable  odour  when  touched  with  wot  liaii<u» 
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yPogf^*  11  f  271-) — When  iron  p3n-ites  b  ignfterl  in  a  current  of 
gaa,  the  protosulpliiffo  is  obt^iiued  in  the  form  of  ft  lilnckish- 
wtagnetk  powder,  which  dissolves  in  hydrochloric  acid  without 
^  of  eulphurj  and  at  the  aimc  time  giires  off  pure  liydroatil- 
li  g^B.  (H.  Ro.se,  /V/y.  5,  533.)  The  protosulphido  obtained 
iig  magnetic  pjritcH  in  Iiydro^^en  gua  is  non-ma^etie,  (Count 
oh,) 
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alphide  of  iron  gives  off  no  .snlphnr  when  heated,  even  to  white- 
in  a  close  vessel;   and,  when  raiited  to  a  white  heat  m  a  charcoal 
It  increases  but  slowly  in  weight,  (H,  Rose.) — When  gently 
>  in  the  air,  it  is  partly  converted  into  sulphate  of  ferrons  oxide; 
^M  a  stronger  heat,  sulphurous  acid  if?  evdvcd  and  ferric  oxide  remains 
ilnd.     Witn  nitrous  acid  it  evolves  nitrous  gas,  ferric  oxide  and  sul- 
mc  acid  bein;^  fornied  and  sulphur  separ;itcd, — It  dissolves  in  dilute 
'dinrio  or  hydrochloric   acid,   with  evolution  of  pure  hydrosulphuric 
I  i^aa  perfectly  soluble   in  caustic  ]JOtash,   and  without  separatinn  of 
'bur,  (Berzeliua.) — AfjuermM    vnpnur  pa>is?ed  over  red-hot  sulphide  of 
■   converts  it,   with  evolution  of  much  hydrogen  and   sulphuretted 
'  rogen  gas,  into  a  black  and  partly  niagnctic  mass.     The  water  forma 
li  the  sulphide  of  iron,  hydrosulphuric  acid  and  ferrous  oxide,  which, 
further  clecomposition  of  water,  yields  hydrogen  gas  and  ferroso-ferric 
ide;    but  a  portion  of  the  sulphur  remains,  even  after  three-hours' 
lition.  (Rcgnault,  Ann.  Chim.  Fhys.  62,  379.) — Chloriuo  gas  docs  not 
com^e  cold  sulphide  of  iron;  but  that  compound,  when  heated  in  the 
.18^  Yields  chloride   of  sul])hur  and   sublimed   sesquichlorido   of  iron, 
rl.  Kose,  Pogg.  42,  540.) — Protosulphide  of  iron,  heated  to  low  redness 
."ith  once  or  twice  its  weight  of  carbonate  of  soda  or  potash,  fuses  into  a 
dacky  crystalline,    highly  magnetic  mass,   from  which   water  extracts 
^ulphide  of  sodium  or  potassium,  with  a  trace  of  sulphuric  acid.     43  pts. 
(1  At.)  of  sulphide  of  iron  heated  to  whiteness  in  a  charcoal  crucible 
with  53  pts.  (1  At.)  of  dry  carbonate  of  soda,  yields  21  parts  of  cast- 
iron  and  a  black  laminar  slag.     Baryta  and  lime  behave  in  the  same 
manner,  only  that  the  viscidity  of  the  slag  prevents  the  iron  from  fusing 
into  a  mass.  (Berthier,  Ann.  Chim.  Pln/s.  JH,  170.)     When  protosulphide 
ef  iron  is  fused  with  30  times  its  weight  of  protoxide  of  lead,  the  whole 
of  the  sulphur  is  given  off  in  the  form  of  sulj)hurous  acid,  metallic  lead  is 
aeparated,  and  a  fused  mixture  of  protoxide  of  iron  an<l  protoxide  of  lead  is 
produced.    1  part  of  sulphide  of  iron,  heated  with  5  parts  of  litharge,  boils 
«ipy  fames,  and  forms  a  pasty  semifluid  masn,  which,  on  cooling,  solidifies  into 
«  metal-grey,  homogeneous,  highly  magnetic  .•*lair,  containing  sulphide  of 
iron  and  sulphide  of  lead. — With  10  parts  of  litharge,  the  mixture  swells  up 
«trongly,  becomes  very  fluid,  and  yields  3G  parts  of  lead,  together  with 
A  metal- black,  magnetic  slag.     With  25  parts  of  Hthari^e,  the  mixture 
yields  6*7  parts  of  lead  and  a  dense,  glassy,  red,  transparent  slag.     A 
''mixture  containing  30  parts  of  litharge,  yields  7  parts  of  tolerably  pure 
lead,  and  the  slag,  which  has  the  same  appearance  as  that  last  mentioned, 
BO  longer  contains  any  metallic  sulphide.  (Berthier,  Ann,  Chim,  Phi(9^ 


330 

Hydrated  ProiosidpKlde  of  IroUf  or  IlydrotuJpkate  of  Ferrom  (hait, 
1p  Alkaline  hydrosulphat-ea  fomi  with  ferrous  salts  a  bhick  Hooculeut 
precipitate. — 2.  Twenty-seven  part^  of  iroii-filinj;:s  ami  Imparts  of  sulpbor 
made  into  a  paste  with  water,  and  kept  out  of  contact  of  air.  nir^'regat* 
into  a  black  mass,  with  strong  evolution  of  heat;  this  eflect  i  '  '  h:o 
moro  quickly  on  tlie  application  of  heat. — 3.  Iron 'filings  in  <  lli 

sulpliurettecf  hydro^ren  water   liberate  hydrogen   jLraj?    almost    iic^- 

sulphur,  and  turn  black;    |>art  of  tbe  rcsultinsr  hydrosulpbat«  of  fern  

oxide  dissolves  in  the  wftt4»r-  (Vauqiiclin.) — The  black  compound  oxidatcf 
quickly  in  the  air,  forming  water,  ferric  oxide,  and  sulphur  or  sntpbariQ 
acid;  and,  even  if  it  be  kept  for  several  weeks  before  being  exposed  to 
the  air,  the  action  is  attended  with  an  evolution  of  heat,  which,  if  ' 
majss  ie  conaidorable,  may  even  produce  inflammation.  The  Art%^ 
Votcanoi  of  Lemer^  are  formed  by  mixing  several  pounds  of  iron-filin 
with  J  to  f  of  its  weiglit  of  sulphur,  making  the  mixture  into  a  m^ 
with  water,  and  burying  it  in  the  ground.^ — Hydrateci  protoautphide  rf 
iron  decomposes  the  salts  of  cadmium ^  lead,  copper  and  silver,  precipjtil* 
ing  the  metals  as  sulphides.  (Antlion.) — ^It  dissolves  in  dilute  acidt  luudi 
more  quickly  than  the  anhydrous  sulphide,  and  with  violent  cvolutioo  of 
Bulphurettecl  hydrogen.— It  dissolves  in  small  quantity  in  water  (ofpe* 
cially  in  hoi  water:  Berzeliiu),  formmg  a  solution  which  has  a  dark  gnaefl 
colour  and  inky  taste*  (Vauquelin,  Schfr,  J.  6,  63;  also  ftilb,  9,  it) 
The  presence  of  hydrosulphuric  acid  or  hydrosulpluxte  of  ammonia  in  tlie 
water  prevents  the  solution;  and  any  sulphide  of  iron  previously  dieLsulreJ 
ID  pure  water  is  precipitated  on  thea«idit>on  of  hydrosulphnt^  of  ammonia 
and  the  application  of  heat.  (BerEeli us.)     According  to  la t  ,,'aiioisfl 

of  Vauquelin  (J.  Hmrm.  13,  266),  iron-filings  and  sulphu  1rr*;?!fl 

water,   placed  together  in  a  close  vessel  for  four-and -twenty  I  i 

lifter  filtration,  a  ctilourless  solution  which  blackens  quickly  o;  .tt 

to  the  air.  According  to  0.  Hennr  (*/•  Pharm.  24,  !!>*),  when  a  **iiuUoa 
of  green  vitriol  is  precipitated  withexce^  of  aqueous  sulphide  of  caleiudl, 
a  small  quantity  of  iron  still  remains  dissolved. 

The  black  mud  at  the  bottom  of  drains  contains  hydrated  sulphide  of 
iron,  probably  formed  by  the  putrefaction  of  organic  substaacoa  in  contact 
with  the  ferric  oxide  of  earthy  matters^  and  to  this  it  owes  ita  bbdt 
colour  and  peculiar  smell.  Hence,  when  exposed  to  the  air,  it  Io60l  iti 
adour  and  colour,  and  afterwards  resembles  ordinary  vegrtable  mottli 
With  hydrochloric  acid  it  evolves  abundance  of  sulpKurettiMi  hydro^; 
to  boiling  potash  it  gives  up  sulphuretted  hydrogen  together  with  orgiai^ 
matter.  The  black  colour  of  the  noil  in  privies,  pits,  |>ouds  and  manMI^ 
and  of  the  sand  between  the  pavement  of  streets  [aUo  of  fsces  after  tkp 
administration  of  medicines  ooDtaiiiiug  iron]  is  likewise  due  t<i  hydfalc4 
sulphide  of  iron.  (Braoounot,  Ann,  Ckim,  Fhy$,  50,  %l^*) 

D.  EioRT-sEVEXTHS  SuLPiiiDE  OF  Iron. — Found  native  in  the  form 
af  Magnetic  PyriUM,  This  mineral  crystalliies  in  forms  belonging  to 
tfit  bexaKon&l  System.  Figt,  132,  135,  136.  137,  13it  aud  otherv.  pit 
{Fig.  132^  =  102^  13';  p:r  (Fiif.  136)  =  105".  Cleavage  fiarullci  to  p^ 
Harder  than  calcspar;  sp.  gr.  4'5  to  4*7;  brittle;  with  conchoidal  fn*- 
ture  Colour  varying  from  bronze-yellow  to  brown;  jtowder  jrtcryiili' 
black.  Acted  on  ny  the  ma^^ct,  an<l  oft^'n  it*elf  magnetic,  Aooc^niisi 
to  B«r«elins,  it  docs  not  give  off  sulphur  when  ignit^sd  out  af  contact « 
air.  Fusofl  on  ohareoal  before  the  blowpipe,  forming  a  greyijh-UadL. 
MtroDgly  joa^etic  globule.     Whom  roasted  in  the  state  of  fine  poirieft  ^ 
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ia  converted  into  pnre  ferric  oxide.  When  ignited  in  a  current  of  hydro- 
gen gaSy  it  loses  so  much  sulphur  that  it  is  converted  into  the  proto- 
sulphide.  (The  same  result  was  ohtaiiuul  by  Plattncr,  i^o^^.  47,  369.) 
It  likewise  gives  up  its  excess  of  sulphur  to  boiling  caustic  potash,  while 
a  mass  resembling  tlie  hydratcd  proto.suIphide  remains  behiud  (Count 
Schaffgotsch,  I^ogg,  50,  533.)  When  heated  to  whiteness  in  a  charcoal 
crucible,  it  diminishes  in  weight  but  sbwly.  It  exhibits  the  same  decom- 
positions as  the  protosulphide,  excepting  that,  when  it  is  dissolved  in 
dilute  hydrochloric  or  sulphuric  acid,  not  only  is  hydrosulphuric  acid 
gas  evolved,  but  sulphur  is  likewise  precipitated  in  the  form  of  powder. 
(Stromeyer.)  The  separated  sulphur  is  dark  grey,  because  it  contains 
undecomposed  sulphide  of  iron.  (Schaffgotsch.) 

According  to  Berzelius,  the  same  compound,  and  not  the  proto- 
sulphide, is  formed  by  igniting  iron  or  the  scale-oxide  with  excess  of 
sulphur,  by  heating  iron  pyrites  to  redness,  and  by  igniting  the  one-eighth 
salphide  or  the  disulphide  of  iron  in  hydrosulphuric  acid  gas.  —  The  arti- 
ficial compound  is  brownish  bronze-yellow  and  susceptible  of  magnetic 
action^  and,  according  to  Hatchett  (GUb.  25,  58),  may  likewise  be  ren- 
dered permanently  magnetic. 

SchaflFgotsch.        H.  Rose.  Stromeyer. 

Magnetic  Pyrites,  BodeDmais.  Preseburg. 

7Fc 189  ....  59-62   ....   60*59   ....   6095   ....   5985 

8S  128  ....  40-38   ....   39-41   ....   3905   ....   40-15 

6FeS,FeS^...  317  ....  100*00   ....  luOOO   ....  100*00   ....  lOO'OO" 

Plattncr.  Stromeyer. 

Fahlun.  Brazil.  Bar^gci. 

Fe 59*72         ....  59*64  ....         53*37 

S    40*22         ...  40-43  ....         43*63 

99-94         Z.       100-07         Z       100*00 

For  analyiet  of  magnetic  pyrites,  in  which  a  small  part  of  the  iron  is  replaced  by  nickel, 
vid.  Th.  Scheerer  (Poyy.  58,  318),  and  Berzelius  (Jahreuber.  21.  2, 184). 

E.  SE.SQUisuLPniDE  OP  Iron,  or  Ferric  Sulphide. —1.  Formed  by 
heating  protosulpliide  of  iron  mixed  with  sulphur  to  very  low  redness, 
till  the  excess  of  sulphur  is  expelled.  (Proust,  Scher.  J,  10,  54;  also  Gilb. 
25,  54.  Bucholz  fit  Gehlen,  N.  GthL  9,  2J)1.)— 2.  By  passing  hydrosul- 
phuric acid  gas  over  ferric  oxide  heated  not  above  100",  as  long  as  water 
continues  to  be  formed.  The  transformation  ^(oes  on  without  any  altera- 
tion of  form;  the  artificial  hydrated  sci^quioxide  is  decomposed,  even  at 
ordinary  temperatures,  with  slight  evolution  of  heat,  only  requiring  the 
heat  of  a  water-bath  towards  the  end  of  the  operation ;  the  moisture  is 
afterwards  driven  off  in  vacuo.  (Berzelius.) — Greenish-yellow  (Proust); 
yellowish-grey  (Bucholz  &  Gehlen,  Berzelius);  acquires  a  higher  polish 
under  the  burnishing  steel,  and  when  gently  heated  in  vacuo,  becomes 
yellower  and  more  lustrous  (Berzelius).  Magnetic,  according  to  Proust; 
non-magnetic,  according  to  Berzelius. 

Proust.  Bucholz  &  Gehlen. 

2Fe 54       ....       52-94         ....         52-64         ....         5264     to     52  07 

3S  48       ....       4  706         ....         4736         ....         47-:i6     „     47*9.3 

~F^a» 102     ....    iob~oo      Z     ToiToo      Z     loooo   „  loo-oo" 

By  stronger  ignition  it  gives  off  sulphur,  and  is  reduced  to  the  eight- 
MTenths  folphide.     In  the  dry  state  it  remains  unaltAi^d  in  tVi^  ^t-,  W\» 


EydroUd  ProUtsulphifU  of  Iron,  or  HydroBitlphate  of  Ft 
1.  Alkaline   hydro^ulphate^  form  with  ferruua  salts   a' Mark 
precipitate. — 2.  TweDty-sevcn  parts  of  iron-filiDga  aud  16  piirts  of 
tii»de  into  a  paste  with  water,  ami  kept  out  of  contact  of  air,  a|^ 
ioto  a  blaek  ma^,  with  strong  evolution  of  heat,  this  cUc-rt  takes  pi 
more  quickly  oa  the  application  of  hoat — 3,  Iron-filings  in  contact  wiA 
sulphuretted  hydrogen  water  liberate  hydrogen  pie   almost    free  it  ^ 
aalphur,  and  turn  hlack;    part  of  the  resulting  hydrosul^ihatc  of  fffi 
oxide  diasolvea  in  the  water.  (Vauqnelin.) — The  black  compound  oxi^lai 
qoicklj  iji  the  air,  forming  water,  ferric  oxide,  and  sulphur  or  »ulpltt 
acid;  and »  even  if  it  be  kept  for  several  weeks  before  bei»g  exp<«*eii  U> 
the  air^  the  action  ig  attended  with  an  evolution  of  heat,  which,  if  tlie 
mass  16  considerable,  may  even  produce   inflatrmation.     The  Ariijuiil 
Voleanoi  <if  Lemtry  are  formed  by  mixing  several  poundif  of  iron-filii)^ 
with  ^  to  4  of  ite  weight  of  sulphur,  making  the  mixture  into  a  pi«i» 
with  water,  and  burjnng  it  in  the  ground. — Hydrated  protosulphid*  i 
iion  decomposes  the  aalte  of  cadmium,  lead^  copper  and  silver,  preoipiut' 
ing  the  metals  as  sulphides,  (Anthon.) — It  dissolves  in  dilute  acidd  mudi 
more  quick) t  than  the  anhydrous  sulphide,  and  with  violent  evolutioii  rf 
mlphurettea  hydrogen. — It  dissolves  in  small  quantity  in  water  (cip^ 
cially  in  hot  water:  Beriflim),  forming  a  solution  which  hai;  a  dark  ^rt^ca. 
colour  and  inky  taste.   (Vauf|uelin,  ,ScUrr.  J,  6,  G3;    also   Oiib.9.ii:\ 
The  presence  of  hydrosulphurio  acid  or  hvdrosulpUate  of  ammonin  ro  Jhj^ 
water  prevents  the  solution;  and  any  sulplnde  of  iron  previoiv^ly  dis»4v^J 
in  pur©  water  is  precipitated  on  theatldition  of  hydrosulplmte  of  amiTj<Ai^ 
and  the  application  of  heat.  (Beri;elius.)     According  to  later  in  ve*tiL^t-\ 
of  Vauquelin  (J.  Phtrm,  13,  266),  irou-filingsj  and  sulphurctied  hy*lrx:i 
water,   placet!  together  in  a  close  vesaiel  for  four-and -twenty  hours*  ^^ 
after  filtration,  a  colourless  solution  which  blackens  quickly  on  exi::^^ 
to  the  air.     According  to  O.  Henry  (./.  Pharm,  24,  1 18).  <vheQ  a  **^'V'^g| 
of  green  vitriol  ia  pteoipitated  witfi  excess  of  aqueous  sulphide  of  c^^ 
a  smaU  quantity  of  iron  still  remains  dissolved* 

The  black  mud  at  the  bottom  of  drains  coutiins  hvdratcd  «a\p^ 
iion,  probably  formed  by  the  putrefaction  of  organic  ^ulk^tanccs  iiv 
with  the  ferric  oxide  of  earthy  matters,  and  to  this  it  owes  %^. 
colour  and  peculiar  smell,  Heoce,  when  exposed  to  the  air,  i^ 
odour  and  colour,  and  afterwards  resonjlde«  ordinary  ver^f-^b  V  ^^^ 
With  hydrochloric  acid  it  evolves  abundance  of  sulplm n't ti^*!  '^^-j 
to  boiling  potash  it  gives  up  sulphuretted  hydrogen  t^  *.   -^^ 

matter.     The  hlack  colour  of  the  *?oil  in  privies,  pitj*.  ^^^ 

and  of  the  sand  between  the  pavement  of  titreet 
administration  of  medicines  containing  iron]  h 
•ulpktde  cf  irun.  (Braeonnot,  Ann.  Chim.  I'r 

of  Ma^eiic  PyrUe9.     This  lu 
the  bexagonal  system.     Fitjr 
{Fig.  132)  =  102^^  1,T;    v: 
Harder  than  cuN 
ture.     Colour  var 
black.     Acted  on  h% 
to  Berselius,  «*  •!'" 
air.     Foaee 
atrongly  magut^r 
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if  exposed  while  yet  moist^ — as  in  tlio  state  in  whicli  it  is  obUiMd  by  tlit 
fiction  of  snrplmrettetl  hydrogen  on  ferric  oxido  at  ordinary  tempenitarei 
— it  is  complctoly  eooverted,  in  the  course  of  a  few  hours,  into  a  roixtare 
of  ferric  oxide  and  sulpibur.  By  dilute  liydroehloric  or  sulphnric  arid,  it 
is  converted  into  sulphuretted  hydrogen,  a  ferrous  salt,  and  Usolphidt  of 
iron»  wliieh  latter  still  retains  the  form  of  the  sesquisulpbide;  hut,  eo  loog 
aa  it  remains  moistj  may  be  reduced  by  preesnre  to  the  finest  powder, 
(BersEeliua.) 

BydraUd  Sefquisufpkide  of  Iron^  or  ffydrosidphaU  f>f  Ferric  (hi^ 
—Formed  by  dropping  an  aqueous  solution  of  a  ferric  ealt  into  tn 
excess  of  alkuline  bydrosulphate.  If,  on  the  contrary,  the  alkaline 
hydrosulphatc  bo  dropped  into  an  excess  of  the  ferric  salt,  sulphor  ii  fint 
precipitated  and  a  ferrous  salt  produced,  from  which  an  additional  fjoaii* 
ttty  of  alkaline  hydrosulphate  throws  down  hydrosulphata  of  hrrtm 
oxide. — Black  precipitate,  which  oxidizes  quickly  in  the  air,  (Ber«eliiii) 

F.  BtsuLPHmE  OP  InoN. — Found  in  nature  as  Ir<m  Pyriu$  (SchwifeiMa 
or  £imikirs),  and  as  White  Iron  Pyrites,  Radiated  Iron  /*yr*tei,  Qt  Oodk' 
comb  Pyrites  (StrfMkies,  Wasserhies,  or  Speerkies)*  Each  of  these  Tariftiei 
of  iron  pyrites  is  often  produced  by  the  action  of  organic  sobatanccf  oa 
water  containing  iron,  together  with  salt^  of  sulphuric  acid.  On  a  itn^ 
beatb  overgrown  with  £rica — the  root-stratum  of  which  smelt  rtrongiy  rf 
hydrofiulpburic  acid — portions  of  the -^r«?i</()  Phrafpnite$  were  fonna  t<) 
be  partially  covered  wilh  steel-grey  lam  in  no  and  crusts  of  ft  sulphide  at 
iron  not  soluble  in  dilute  hydrochloric  acid*  (Meinecke,  Sehw^  28,  5€»)— 
Liok  foun*l  iron  pyrites  in  the  mud  of  ponds, — Bakcwell  foond  ifcf 
remains  of  mice  preserved  in  a  bottle  filled  with  solution  of  green  Titnol 
covered  with  small  crystals  of  iron  pyrites, — The  hot  spring  of  Chatvlf* 
eaigues,  which  contains  sulphate  of  soda  and  other  salt^  and  a  mere  llWt 
of  iron,  deposits  iron  pyrites  in  the  [wooden?]  channel  by  whtch  the  witBf 
iH  di.scliarged.  (Longcbamp,  Ann,  Chim,  Phys,  32,  294.)  On  digging:  i* 
the  neighbourbood  of  the  chalybeate  spring  at  Rondorfcr,  which  conlaitti 
acid  carbonate  of  ferrous  oxide  and  sulphate  of  soila,  the  boggy  groiifid 
and  the  fragments  of  f|uartz  scattered  about,  were  found  to  W  eoverei 
with  iron  pyrites.  {Noggerath  <k  Bischof,  Pogg,  38,  407.) — A  similar  caii 
»  jfi  described  by  Gilbert.  {GUh,  T4,  206.) — A  fermginons  water  whid 
lau  from  a  basin  formed  out  of  the  hollow  trunk  of  a  tree,  yielde^L^  whfi 
recently  drawn,  a  large  quantity  of  blackish-yellow  iron  pyritee,  eontaiffl* 
ITkg  a  portion  of  vegetable  matter  enclosed  within  it,  and,  motvovffi 
4478  iron  to  55*22  sulphur.— A  quantity  of  the  Brohl  mineral  waU*, 
which  contains  very  smull  quantities  of  iron  and  sulphate  of  soda,  hafiii| 
been  mixed  with  a  little  sugar  and  kept  for  three  years  in  elosod  Yf^tfK 
was  found  to  smell  of  sulphureftetl  hydrogen,  and  had  depoeited  ft  Uftck 
powder  which  appeared  to  contain  i5e,»«qui^ulphide  of  iron  tog^ih^f  witfc 
free  sulphur.  In  a  similar  manner,  white  iron  pyrites  ftpp4mrt  te  W 
formed  in  black  and  in  brown  coal.  (Bischof,  Sehw,'^^,  377*) 

Preparation,  1.  Ferric  oxide,  ferroso- ferric  oxido,  hydratc<l  feiric  oxiji 
or  c&rbcinate  of  ferrous  oxide,  natural  or  artificial,  in  jiowder  or  in  crjrf 
U  exposed,  at  a  heat  exceeding  100  but  not  amounting  to  rednisti,  I 
current  of  «ulphurctt*'d  hydrogen,  aa  long  as  the  mass  conUnue«  to  iiicfi 
in  wetgliL  At  first  the  action  is  so  strong,  that  aqueous  vftnoar, 
phurous  acid,  and  hydrogen  gas  are  evolved,  nnd  lower  sulphides  ef 
iron  aro  fonmd,  which  aftcrwardii  take  up  more  sulphur  and  lib«nito  | 
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hydrogen  gas.  The  sulphide  of  iron  thus  produced  retains  the  crystallino 
form  of  iLe  oxide  used  in  its  prcpanitioti,  with  tbe  same  Instro  on  tlje  facea, 
and  the  «arne  directiona  of  cleavage.  (Ikrzelius.) — 2.  Tlie  lowf^v  sulphides 
of  iron  maybe  hronght  to  this,  the  highest  degree  of aulphuration,  hy 
heating  them  in  like  manner  in  hydrosulphuric  acid  gtxs.  (Berzelius.) — 
3,  An  intimate  mixture  of  2  pt^,  protosalphide  of  iron  and  1  pt.  solphtir, 
heated  in  a  retort  to  a  temperature  short  of  redness,  leaves  bisulphide  of 
iron  in  the  form  of  a  bulky,  dark  yellow,  non-nmgnetir^  metallic  powder, 
not  ftttaeked  hy  hydrochloric  acid.  (Berzelius.)— 4,  When  an  intimate 
mijtturo  of  ferric  oxide,  sulphur,  and  sal-ammoniac  is  heated  to  a  tem- 
perature a  little  above  tliat  at  which  the  sal-ammoniac  suhlimes,  the 
residue  is  found  to  contain  Bniall,  brass -yellow  octohedrons  aud  cubes, 
which  may  be  separated  from  tho  rest  of  the  powder  by  levigatitm, 
(Wiihler,  Poffff.  37,  238.)— 5.  When  sal-ammoniac  containing  sulphate  of 
ammonia  is  sublimed  at  a  dull  red  heat  in  iron  vessels  coated  with  clay, 
the  chiy  covering  hecomca  impregnated  with  chloride  of  iron,  and  cubea 
and  octohedrons  of  iron  pyrites  form  upon  its  surface.  (Lowe, «/,  pr,  C/ttnim 
6,  98.) 

Iron  pyrites  crystallijses  In  forma  belonging  to  the  regular  system: 
Fiffs,  Ij  2,  4,  6,  11,  18,  19,  2Q,  and  many  others.  It  gives  sparks  with 
0teeL  Sp.  gr*  4'9  to  5*1,  Fracture,  conchoidaL  Colour,  bronze-yellow. 
Tlie  crystals  of  white  iron  pyrites  belong  Ut  the  right  prismatic  system : 
Fi^.  54,  61,  and  other  forms,  u  :  nf  (Fif/,  54}= 73^  24';  w'  :  u  [Fi^.  61) 
=  106'"  36',  t:i'=32'  12'*  Cleavage  parallel  to  u  and  ?/,  less  di.^'tmct 
parallel  to  p.  (Hany.)  Sp.  gr,  4*6  to  4*8.  Harder  than  felspar.  Green- 
ish-yel low-grey  inclining  to  steel-grey;  powder  greenish  grey.  —  Iron 
pyrites  is  non-magnetic  in  all  its  forms » 

Ordinary  Iron  P^riiet, 
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Bisulphide  of  iron  ignited  not  very  strongly  in  a  close  vessel,  gives  off 
enlphur,  and  is  converted  into  the  ei^ht-aevenths  sulphide;  at  a  strong 
red  heat  it  is  reduced  to  the  protosulphide.  A  lower  temperature  will 
enlfice  if  hydrof^en  ga«  lie  passed  over  the  substance^  although  the  hydro- 
gen docs  not  form  hvdrosulphuric  jicid,  but  appears  to  act  like  any  other 
goa  [by  adhesion].  (H,  Rose,  Pt»^^.  5<  533.) — The  residue  has  the  form 
and  colour  of  the  original  iron  pyrites,  but  its  bulk  is  increa-^ed;  it  i.^dull, 
exhibits  all  over  its  surface  cavities  formed  by  fusion,  and  may  be  crum- 
bled to  pieces  by  pre.'^sure  with  the  linger.  (Proust,  ^SVAer.  J.  9,  378.) — 
When  ignited  with  charcoalit  yields  bisulphide  of  carbon. — When  heated 
10  a  current  of  phosphurcited  hydrogen  gas  to  a  temperature  short  of  that 
at  which  it  evolves  sulphur,  it  yields  phosphide  of  iron  aud  hydrosul- 
cid,  (p,  233.) — When  heated  in  the  air,  it  f\t\A^  au\^\iMict>\3k&  \srfiv\ 
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G.  Sulphide  of  Ferrous  Oxide? — Formed  by  heating  ferric  oxide  with 
powdered  sulphur  to  a  temperature  short  of  redness,  till  sulphurous  acid 
gaa  is  no  longer  evolved. — Chesnut-brown  p«jwder,  attracted  by  the 
magnet. — Dissolves  with  difficulty  in  hydrochloric  acid,  sulphur  being 
precipitated  but  no  sulphuretted  hydrogen  evolved.  Takes  tire  in  the 
air  below  a  red-beat,  burning  like  tmdcr,  and  being  thereby  completely 
converted  into  ferric  oxide.  (Berzelius.) 

H.  Hyposulphite  op  Ferrous  Oxide,  or  Ferrous  Hyposulphite. 
— Iron  immersed  in  aqueous  sulphurous  acid  and  kept  from  contact  of  air 
dissolves  without  evolution  of  gas^  and  forms  sulphite  and  hyposulphite 
of  ferrous  oxide: 

2Fe  +  3S02  =  FeO,  80^  +  FeO,  &0^. 

The  iron  immediately  becomes  black  and  brittle  by  taking  up  sulphur. 
(Berthollet,  Ann.  Chim,  2,  58.)  The  iron  dissolves  completely  with  the 
exception  of  a  few  black  flakes  arising  from  impurities  in  the  metal. 
(Fordos  &  Gelis,  N.  J,  Pharm,  4,  333.)  The  sulphurous  acid,  in  acting 
upon  the  iron,  becomes  first  brown,  then  yellow,  and  afterwards  trans-* 
parent  and  colourless,  the  last  change  being  attended  with  precipitation 
of  sulphur;  no  hydrosulphuric  acid  is  evolved,  although  the  liquid  contains 
a  small  quantity  of  that  gas  while  it  is  in  tlie  yellow  state,  and  therefore 
blackens  paper  moistened  with  acetate  of  lead.  The  resulting  solution 
tnms  brown  when  heated,  and  yields  a  reddish  precipitate;  on  the 
addition  of  hydrochloric  acid,  sulphurous  acid  is  evolved  and  sulphur 
precipitated.  The  solution  gives  with  alkalis  and  with  ferrocyanide  of 
potassium  a  white  precipitate;  with  mcrcurous  and  mercuric  salts,  a  black 
precipitate  containing  globules  of  mercury;  and  with  nitrate  of  silver,  a 
white  precipitate  which  afterwards  blackens.  (A.  Vogcl,  J,  pr.  Chem. 
8, 102;  vid,  also  Kbno,  Pog(j.  63,  145.) — If  very  strong  sulphurous  acid  is 
need,  part  of  the  ferrous  sulphite  crystallizes  out  spontaneously  in  the 
course  of  a  few  days,  in  white  or  greenish-white  crystals.  (Berthollet, 
A.  Vogel.)  By  evaporating  and  cooling  the  solution  out  of  contact  of 
air,  the  greater  part  of  the  ferrous  sulphite  is  separated  out  in  the  crys- 
talline form,  and  the  mother-liquid  when  evaporated  in  vacuo  (great  care 
being  taken  to  prevent  ingress  of  air)  yields  crystjils  of  the  hyposulphite, 
which,  however,  are  frequently  contaminated  with  sulphur  and  green 
vitriol.  For,  in  proporticm  as  the  air  acts  upon  the  colourless  mother- 
liquid  containing  the  ferrous  hyposulphite,  that  liquid  acquires  a  yellow 
coloar  from  formation  of  ferric  hyposulphite.  During  the  subsequent 
evaporation,  even  in  vacuo  at  ordinary  temperatures,  the  ferric  oxide 
converts  the  hyposulphurous  acid  into  tetrathionic  acid: 

Fe=03  +  2520=  =  2FeO  +  S^O» ; 

and  the  tetrathionate  of  ferrous  oxide  thus  produced  is  resolved  by  further: 
evaporation  into  sulphur,  sulphurous  acid,  and  green  vitriol: 

FeO,  S«0»  zi  FcO,  SO^  +  80=  +  2S. 

(Fordos  &c  Gelis.)  %  Kiine  separates  the  sulphite  and  hyposulphite  of 
ferrous  oxide  obtained  as  above,  by  means  of  alcohul,  in  which  the  hypo- 
sulphite is  easily  soluble,  while  the  sulphite  is  insoluble  IT.  By  pre- 
cipitating green  vitriol  with  hyposulphite  of  baryta,  and  evaporating  the 
filtrate,  green  crystals  are  obtained,  mixed  with  a  basic  salt  of  lerria 
Qxide.  (BammekbeiCp  Pogg.  56,  306.) 
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But.  of  dry  ferroas  sulphate.  Very  easily  soluble  Id  water,  but  not  in 
icohol;  when  the  aqueous  solution  is  boiled,  thci  salt  is  converted  into 
j;reeii  vitriol.  (Heeren.) 

CfyMiallijed, 

FeO „.„ 35       ..«       23-03 

S^O* , 72       ,.„       47"37 

5HO    .., 45       ,„.       29-60 


FeO,SW  +  5Aq-,..,..»     152 


IQO'OO 


Heeren, 

22*91 
4  7 '05 
3004 

loo-oo" 


M.  HYPfisrLpnATE  op  Feuric  Oxide,  or  Ferric  Hyposuxphate,— 

7ctobasic,  "^  A i[u&ym   hyposulphuric    acid    dissolvc^^    but   a    very   small 

luantity  of  hydmted  ferric  oxide,   even   when  freshly  precipitated;   it 

fiowever  com  bines  with  the  oxide  and  fonns  a  brown-red,  very  soft,  easily 

[jBpended  powder,  whicli  dries   ap  to  a  brown,   brittle  nia^fs   having  a 

E>nchoiiUil  fracture  and  easily  soluble  in  hydrochloric  acid*  (Heereii*) 


20HO  . 
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N-  Sulphate  of  Ferrous  Oxide,  or  Ferrous  Sulphate.^ — Proto- 
Ipkate  of  Iron,  Great  Vitriol^  Copperas. — Tins  salt  its  formed  in  mines 
outlining  sulphide  of  iron,  and  dissolves  in  the  water  (»f  the  mine. — -Dilute 
sulphuric  acid  dissolves  iroo  with  evolution  of  hy<Irogeii  gas.  Stront^oil  of 
ritriol  dissolves  it  slowly  at  ordinary  temperatures  with  evolution  of  hydro- 
en  gae — more  t|uickly  when  heated,  and  with  evolution  of  sulphurona 
cid  gas.  Moist  or  heated  sulphide  of  iron  h  converted  by  exposure  to  the 
lair  into  green  vitritjl  (pp.  22Q  and  2.34), — The  crystallized  salt  is  prepared 
Ion  the  siuali  scale  by  dissolving  iron  in  dilate  sulphuric  acid,  filtering,  eva- 
[porating^  audcryBtalliKing.  On  the  largo  scale,  it  is  projared  in  an  impure 
[»tatej  by  exposing  native  sulpliide  of  iron  to  the  action  of  the  air^-or  tirst 
roasting  and  then  exposing  it  to  the  air, — and  afterwards  exhausting  with 
water,  evaporating,  clarifying,  and  cooling. — When  iron  is  immersed  ia 
'wine- water  containing  snljihate  of  copper,  the  copper  is  precipitated,  and  a 
dilute  solution  of  green  vitriol  is  obtained,  which  may  be  brought  to  the 
cryetulliziiig  point,  tirst  hy  (^radtta (ion ^^ml  afterwards  by  evaporation.  The 
commercial  green- vitriol  from  Fahlun  and  D3dta,  and  that  also  wliicb  is 
prepared  in  England,  is  crystallised  from  an  acid  solution^  contains  but 
little  ferric  sulphate,  is  of  a  greenish-blue  colour,  and  often  covered  with  a 
white  or  yellow  powder.  The  German  green-vitriol,  which  is  crystallized 
horn  a  more  neutral  solution,  and  contuiiis  but  a  small  quantity  of  ferric 
salt,  is  of  a  dirty  green  colour  and  dry.  That  from  Moscow  is  crystallized 
from  a  solution  conlu-ining  a  considerable  quantity  of  ferric  salt,  and 
is  therefore  mixed  with  that  salt;  it  liaa  a  grass-green  colour  and 
unctuous  aspect,  because  it  remains  moist j  it  also  reddens  litmus  strongly, 
(Bonsdorfi".)— Besides  ferric  sulphate,  commercial  green  vitriol  may 
also  contain  protoxide  of  copper,  oxide  of  aine,  biuoxide  of  tin,  prot- 
oxide of  manganese,  alumina,  magnesia,  and  lime  in  the  state  of  saU 
phatee,  and  likewise  arscuious  acid. — The  cupric  and  ferric  oxides  may 
be  Beparated  by  mixing  the  aqueous  solution  with  a  small  quantity  of 
Biilphnric  acid  and  digesting  it  with  metallic  iron  out  of  contact  of  airl- 
and the  arsenic,  copper,  and  tin,  by  saturating  the  solution  with  sul- 
phuretted hydrogen,  setting  it  aside  for  two  dsLja,  and  tE^n.  \v^tmu%  \ia?i 
filtering. 
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bhosptiate  of  ferric   oxide.     In  a  similar 
litm  forms  red-brown  fl.ikes;  which  contain 
blue  in  the  air.  (Peligot,  Ann.  Chim. 
19,  644  J  also  JSchw.  69,  341;  aliso  Ann. 
>  Sir  H.  Davy,  100  parts  of  green  vitriol 
<V63  nitric  oxide,  three-fourths  of  which 
LiQing  fourth  decomposes  a  portion  of  the 
itrtc  acid  [?],  and  ferric  oxide;  a  small 
absorbed  together  with  the  nitric  oxide, 
i;inionia.     The  remaining  throe-fourths  of 
uisiy  be  expelled  from  the  liquid  by  heat. 
her.  J.  3,  81.)    ^ 
,    vitriol  with  nitric  oxide  imparts  a  purple-red 
\t{  oil  of  vitriol^  provided  no  rise  of  temperature 
I,  to  which  a  email  quantity  of  ferrous  sulphate 
a  rose-red  colour  by  absorbing  small  quantities 
purp!e-red  if  it  absorbs  a  larger  quantity, 
obtained  when  oil  of  vitriol  containing  nitric 
aid,  or  a  nitrate,  is  mixed  with  powdered  green 
Eolation,  slowly  enough  to  prevent  rise  of  tempera- 
Licter  is  founded  the  detection  of  those  oxides  of 
(IL  181),  and  that  of  traces  of  nitrites  and 
'•esbaiaina  do  Richemont,  J.  Chim.  rti^d.  11,  504.) — 
Pharm.  11,  341 ;  also  Schw.  46,  368),  by  dissolving 
11  of  vitriol,  obtained  a  red  liquid  which  they  regarded 
uf  ferrous  oxide.     Their  sulphuric  acid  evid,ently  con- 
e.     When  an   aqueous   solution   of    ferrous   sulphato 
trie  oxide,  is   slowly  mixed  with  oil  of  vitriol,  the 
tlour  likewise  changes  to  red.    (Jacquelin,  N.  Ann, 

id  losea  its  colour  when  heated,  giving  off  sulphurous  acid, 

ig  white   tersulphato  of  ferric  oxide.     Water  carefully 

to  occasion  ri&e  of  temperature,  gradually  dilutes  tho 

Anally  bDconies  imperceptible.  (Bussy  &  Lecanu.)     Water 

'  solution,  after  dri^t  turning  it  brown  and  yellow.  (Des- 

m|K>iu&dd  which  convert  the  Ferrous  oxide  into  ferric  oxide, 

'oloor,  and  produce  a  white  cloud,  proceeding  from  tersulphato 

'le.     Sach  is  the  action  produced  by  nitric  and  its  salts,  the 

OB  of  manganese  (Braunstein),  peroxide  of  manganese  (Bussy 

'  as  also  by  hyponitric  acid  and  sulphate  of  manganic  oxide, 

'nitrites.  (Desbassins.) 

ate  of  ferrons  oxide  is  capable  of  uniting  in  nearly  all  proportionB 
'^hate  of  jdno-oxide  or  sulphate  of  cupric  oxide,  K>rming  a  double 
Se  iwm  of  green  vitriol 

jwiay^lthaU  of  Ferrous  Oxide  f— {For  the  preparation  of  this  salt, 
jO  838,  /3.)  Colourless  crystals,  having  a  laminar  texture  like  that 
mniy  nearly  tasteless,  sparingly  soluble  in  water;  contain  28  38 
OOHB  oxide,  45*42  acid,  and  25*97  water — ^loss  0*33.  (Bonsdorff.) 
DMnpodiion  may  be  nearly  represented  by  2FeO,3SO'-f-7Aq. 

BoimATE  OF  Ferric  Oxide. — a.  Sexbasic. — Formed  by  tho 
iiiiig  of  iron  pyrites  in  alum-slate.  Dark  brown;  massive;  has 
r  lutraj  yieloiB  a  brownish-yellow  powder,  and  is  insolubU^  vcl 
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The  crystals  fuse  lu  tlieir  water  of  crystallization  when  lieated;  and 
if  tlic  air  be  excluded,  leave  the  wliite  anhydrous  salt  When  exposed  to 
the  air  between  40"  and  50  ,  they  effloresce  through  and  through  to  a 
wliite  maes  (Bonsdorff ) ;  oil  of  vitriol  and  alcohol  likewise  withdraw 
their  water  and  cause  them  to  turn  wliitc.  At  ordinary  temperaturei, 
they  oxidize  and  turn  brown,  in  proportion  as  they  have  been  less  com- 
pletely dried,  as  the  air  is  nioister,  and  as  the  solution  from  which  they 
have  been  formed  h  more  neiitrab  Crystals  oUtaiiied  from  an  acid  solu- 
tioa  are  permanent  in  air  which  is  not  very  damp;  but  if  they  are  kept 
under  a  tell -jar  containing  air,  and  closed  with  water  at  the  bottom,  their 
surface  turns  yellowish- brown  in  the  course  of  a  few  months,  a  portion  of 
the  salt  being  at  the  same  time  dis.solved  by  the  water  which  is  deposited^ 
Crystals  deposited  from  a  perfectly  neutral  solution,  assume  a  dingj 
green  colour  when  exposed  to  the  air  even  for  a  few  days,  the  colour 
continually  becoming  darker;  under  a  bell-jar  standing  in  water,  they 
deliquesce  more  rapidly  and  soon  turn  brown.  The  powder  of  crystau 
obtained  from  an  acid  solution  turns  ycllo wish-green  after  a  few  weeks* 
exposure  to  ilie  air, 

1  part  of  the  crystals  dissolves  in  1  6  parts  of  eold»  and  in  0*3  of  boil- 
jog  water.  At  lU^  in  VG4  parts;  ut  LV  in  1*43;  at  24^  in  0-87;  at 
33'  in  O^GG;  at  4^'  in  0-14;  at  (JO  in  0  38;  at  84^  in  0-37;  at  90**  iq 
0*27;  and  at  IDO  in  0'3  parts  of  water.  (Brandes  Sc  Firnhaber.  Br, 
Arch.  7f  83.)^ — The  solution  has  a  pale  greenish-blue  colour*  Alcohol  aod 
oil  of  vitriol  precipitate  from  it  the  white,  partly  dehydrated  salL  Glacial 
acetic  acid  likewise  precipitates  tlie  salt  nndecom posed  from  the  solwliou, 
80  that  not  a  trace  of  iron  is  left  in  the  limpid,  (Persoz,  Cfiini.  molfcuL 
340,)  The  solution  becomes  turhid  when  exposed  to  the  air,  yellowi&b- 
brown  disulphate  of  ferric  oxi^.e  being  precipitated,  and  tersulpbate  beings 
di^olred  and  forming  a  brown  solution; 

10(FeO,8Cy)  +  50  =;  2Fr"0*,  S0>  +  3(Fe20»,3SO^. 

On  the  a<1dition  of  sal-ammoniac,  a  solution  is  formed,  consisting  of  sul- 
phate and  hvdrochlorate  of  ferrous  oxide  and  ammonia,  (A.  Vogel,  /, 
pr.  Chan.  2,'l92,) 

A  solution  of  green  vitriol  absorbs  nitric  oxide  gas,  forming  a  dark 
greenish -brown  litjuid,  which  contains  1  at.  nitric  oxide  to  4  at  e3 
of  vitriol.  Tho  solution  of  300  pts.  (1  at.)  of  dry  ferrous  sulpbatei 
absorbs  28*^  pts.  (therefore  not  (juite  1  at.,  which  would  weigh  30)  of 
nitric  oxide.  If  tiie  sulnhnric  acid  is  in  excess,  the  same  quantity  of 
nitric  oxide  gas  is  absoroed,  and  produces  tho  same  colour.  (Peligf>t*)— 
Tho  liijnid  contains  ferrous  sulplmlo  and  nitric  oxide  in  the  unallered 
state ;  the  latter  may  he  driven  oil*  in  vacuo,  or  by  tlic  application  of 
he«it;  but  in  the  latter  case,  a  small  portion  of  the  nitric  oxide  givea  op 
oxygen  to  the  ferrous  oxide,  so  thai  the  evolution  of  nitric  oxide  li 
accompanied  by  the  converi^ion  of  a  snuitl  portion  of  ferrous  salt  into 
ferric  ^alt.  If  tljo  liouiri  ho  placed,  together  with  chloride  of  oaleiom, 
under  a  bell-jar  filled  with  nitric  oxide  gas,  ferric  salt  18  formed  aad 
nitric  oxide  decon) posed,  as  soon  as  the  solution  becomes  somewhat  eOQ* 
centrated. — An  alkali  added  to  the  liquid  produces  a  greyish-white  pre- 
cipitate,  probably  a  componnd  of  hydraleil  ferrous  oxide  with  nitrie 
oxide,  which,  however,  soon  gives  oft'  giis,  turns  bluish-green,  a&d 
afterwards  yt-llow.  No  salt  of  nitric  or  of  nitrous  acid  is  formed  in  thil 
action. — Phowphatc  of  soda  fonns  a  reddish-brown  precipitate,  wbleb 
contains  nitric  oxido  in  a  state  of  conibinatioD,  and,  when  expoeed  to  tb 
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Mr,  tarns  white  and   vieldd  phosphate  of  ferric   oxide.     In  a  similar 

Rapper,  ferrocyantde  of  potii^i^iuin  furnis  retl-brown  fl:ike8,  whicli  toiitaiu 

Ktric  oxide  and  imniedkitely  turn  biiic  in  the  air*  (Peligot,  Ann.  Vhlm. 

^fhyi,  54,  17;  aka  J,  FJuirm*  19,  64-tj  also  Schiu,  U9j  341;  aUo  Ann, 

K^^rm.  9,  259.)^ — ^ According  to  Sir  H.  Davy,  100  parta  of  green  vitriol 

solution,  of  8p.  gr.  1'4,  absorb  0'S3  nitric  oxide,  ttiree-fourths  of  which 

Mjnains  unaltered,  but  the  remaining  fourth  decomposes  a  portion  of  the 

■Uter,  and  forms  ammonia,  nitric  acid  [I],   and  ferric  oxide;  a  small 

Hiaiititj  of  nitrogen  is  likewise  absorbed  together  with  the  nitric  oxide, 

Md  is  also  converted  into  ammonia.     The  reiiiaioing  throe-fourths  of 

^idecomposed  nitric  oxide  may  he  expelled  from  the  liquid  by  heat, 

(Hnroboldt  &  Vauquelin,  Sclier.  /.  3,  8L) 

^_  The  compound  of  green  vitriol  with  nitric  oxide  imparts  a  purple-red 
Hpfour  to  large  quantities  of  oil  of  vitriol,  provided  no  rise  of  tempera tu re 
^Kes  |>la.ce.     Oil  of  vitriol,  to  which  a  small  quantity  of  ferrous  sulphato 
Hi  been  added,  ac«|uires  a  rose-red  colour  by  absorbing  small  (juanlitiea 
m  nitric  oxide,  and  a  deep  purple- red  if  it  absorbs  a  larger  quantity. 
The  same  red  mixture  is  obtained  when  oil  of  vitriol  containing  nitric 
^dde,  nitrous  or  nitric  acid,  or  a  nitrate,  is  mixed  with  powdered  green 
^Rriul  or  its  aqueous  solution,  slowly  enough  to  prevent  rise  of  tempera- 
Wk^'     Upon   this  character  is  founded  the   detection  of  those  oxides  of 
H^^^g^^Q   ill  oil  of  vitriol  (IL  181),  and  that  of  traces  of  nitrites  and 
Tirtrates.   (U,  401;  Desbassins  de  Ricliemont,  J,  Chinu  rued.  11,  504.) — 
Bussy  &  Lecanu  (/.  Pkarm.  11,  341;  also  ^SVAu'.  4(Jj  3G8},  by  dissolving 
ferrous  sulphate  in  oil  of  vitriol3  obtained  a  red  liquid  which  they  regarded 
as  an  acid  sulpljate  of  ferrous  oxide*     Their  sulphuric  acid  evidently  con- 
tained  nitric  oxide.     When  an   aqueous   solution   of    ferrous   sulphate 
Kitttrated  with   nitric  oxide,  is   slowly  mixed  with  oil  of  vitriol,   the 
greentsh-brown  colour  likewise   changes  to  red.    (Jactiuelin,  N,  Ann, 

The  red  liquid  loses  its  colour  when  heated,  giving  off  sulphurous  acid, 
precipitating  white  teraulphato  of  ferric  oxide.  Water  carefully 
cl,  80  as  not  to  occasion  rise  of  temperature,  gradually  dilutes  the 
Mtjur,  till  it  finally  becomes  imperceptible.  (Bossy  &  Lecanu.)  Water 
'Iceolorize^  the  solution,  after  first  turning  it  brown  and  yellow.  (Des- 
wiiiB.)  Compounds  which  convert  the  ferrous  oxide  into  ferric  oxide, 
^eatroy  the  coloiirj  and  produce  a  %vhite  cloud,  proceeding  from  tersulphato 
"^fomc  oxide.  Such  is  the  action  produced  by  nitric  and  its  salts,  tho 
Ufe  oxides  of  manganese  {Brami^^l^in)}  peroxide  <jf  manganese  (Bussy 
Lecauu);  as  also  by  hyi^onitric  acid  and  sulphate  of  manganic  oxide, 
I  not  by  nitrites,  (Desbassine.) 

Sulphate  of  ferrous  oxide  is  capable  of  uniting  in  nearly  all  proportions 
*li  antpbate  of  zinc-oxide  or  sulphate  of  cupric  oxide,  lorniing  a  double 
t  of  the  form  of  green  vitriol 

Stiqmsulphate  of  Ferrous  Oxide  f — (For  tho  preparation  of  this  salt, 
^  page  238,  0»)  Colourless  crystals,  having  a  laminar  texture  like  that 
^g^rp^om,  nearly  tasteless,  sparingly  soluble  in  water;  contain   28  38 


^O»ferrou)^  oxide,  45-42  acid,  and  25* J)7  water— loss  0-33.  (Boasdoril',) 
fiir  composition  may  be  nearly  represented  by  2FeO,3SO*-(-7Aq. 


nil 

P.  StJLPUATB    OP    Ferkio   Oxibe. — a.   Seifhadc, — Formed   by  the 
ailiering  of  iron  pyrites  in  alum-slate.      Dark  brown ;  massive ;  has 
*  futty  lustre;  yields  a  browuibh-yellow   powder,  and  is  insolubb  m 
VOL.  V.  i\ 


According  to  Sclieerer,  it  is  2(7FeH>^SO*)+  UAq. 

1),  Quadrohasic. — When  teradpliate  tif  ferric  oxi Jo  ie  firGeipitaled  Ij 
acetate  of  baryta,  and  the  remainder  of  the  &ulpl)Uric  aeiJ  rcmored  bm 
the  filtrate  by  a  email  quantity  of  barytarWatefp  ligUt^browo  flaktt  i» 
thrown  down,  together  with  the  isulphate  of  baryta,  and  may  be  et!pari4«^ 
from  it  by  Icvigation;  they  contain  88*02  percent,  of  ferric  oxideiftJ 
11"38  of  tiulpharic  acid,   (Anthon,  Bepert.  81,  237.) 

c.  IWUxsic  or  Trmdphate, — ^Pjeci  pita  ted,  on  boiUiig  a  dilute  tolitm 
of  tergalphate  of  ferric  oxide,  evcti  when  the  latter  conlaiud  HidphilD  ^ 
potash »  After  drying  at  100",  it  is  a  light  powder  of  a  d€*ep  oraj^ 
yellow  colour,  that  colour  being  lighter,  however,  aa  the  fudtition  hm 
which  the  salt  is  precipitated  la  more  dilute.  It  loses  hi  water  bclow  i 
red  heat,  and  turns  dark  hrownj  at  a  red  heat,  it  leaves  ferric  oxide.  It 
is  insoluble  in  water,  but  dissolyes  witli  tolerable  fauiUty  in  mddt^  (IK 
Scheerer,  /'o^^,  44,  453.) 

SFc^O* , lU        M..        75-49        ^„.,.        71*43 

SO* 40      ....      1290      isr«f 

4H0 ...M        3G        ,».         1161         __         IMO 

3Fe20^SO*  +  4Aq,   ....       310         Z.       lOOttO        ~,         9$*n 
According  to  Scheerer,  it  is  2(3Fo'0',SO')-i-9Aq. 

d.  Bihatic  or  DmtlpkcUe, — Occurs  native,  coiJibiaed  w'th  ft  nlmiu  rf 
water,  in  the  form  of  Viiriol-ochrc,    Precipitated  in  the  bv 

mixing  the  terfsulphsLte  with  a  quantity  ot  amuumla  not  ^  - 

complete  decomposition;  aUo  when  an  aqueous  solution  <  vXrt^ 

18  exposed  to  the  air.  It  is  couMCqueutly  deposited  tu  viti  jui  mni  ill* 
workn  by  the  action  of  the  air  on  ihe  nt other-liquid  of  tbo  vitriol  or  ibA* 
the  deposit  is  called  *^  the  cream"  {Schmand),  Yellowish- brow IL  fl«'<* 
ofiT  its  water  wheu  heated,  and  a^umc^  a  brown-red  colour  :  wtum  mmt' 
what  strongly  ignited,  it  gives  ofi'  undcoooiposed  salpkuric  aciiL  (Bffit- 
lius,  a  lib,  40,  203.) 

Ankydf^UM.  ikr2rlUi«. 

2Fe?0" ,...„.      156      ...      79*^9        ?<)  S        ....        M 

SO* 40      ....       20-11         .......        20*1         ...        n 
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of  green  vitriol  exposed  to  the  air  consists,  after  being  dried  at  100*,  of 
•eaquisulphate  of  ferric  oxide,  2Fe'0*,3SO*  +  8Aq.,  and  not  of  disulpbate, 
BM  Stated  bj  Berzelius.  (Jieptrrt,  Pkmm,  Bid  series,  1,  185.)  If 

An  ochrey  sUilactitc  from  tbo  iLluni-slate  quarry  at  Genisdorf,  liaving 
ihe  form  of  a  crust,  of  ap,  gt.  1*8,  and  pale  yellow ish-giey  colour,  waa 
found  to  contain  4006  p.  c*  ferric  oxide,  6-8(J  alumina,  11  "00  eulplmric 
acid,  401 3  water,  and  Oil  matrix;  these  nnrabors  give  nvther  more  than 
2  atoTua  of  base  (ferric  oxide  and  aluniina  together)  and  15  atoms  of 
water  to  1  atom  of  sulphuric  acid.  (Brelthaupt  &  Erdmann,  8c!iw,  62, 
104,) 

t*  Montmdphate, — Formed  by  adding  carbonate  of  pota«b  to  tersnl- 
pbate  of  ferric  oxide  as  long  as  the  alkali  doys  not  occasion  permanent 
turbidity, — nwl  beating  the  resulting  red  li(|uid  till  the  salt  separates  out. 
Light  reddi«h-yellow  powder,  (Soubeimn,  Amu  Vhhn,  Pki/s.  44,  329 ^ 
also  J,  Fkarm,  1(J,  525.) 


Fq»0»  , 

S03  _.„.,„ 

3HO 

78      , 

27       . 

...       63'79 
,.,       27-60 
...       18-62 

Soubciran, 
fi6*5 

190 

Fe=03,S03  +  3Aq 

.       145       . 

.     10000 

......       lOO-O 

/,  SfsquUulphate. — Fihmfcrrite. — Warty;  separates  3n  scales;  fibrous 
lin  a  direction  peri>endicular  to  the  surface  of  separation;  specific  gravity, 
laboat    2^5  ;   pale   greenish- grey;   powder  yellowiflh ;    fibres  translucent. 
[Taetea  somewhat  rough  and   »our.     When  heated,   it  evolves   a  large 
[quantity  of  water  with  a  emaH   quantity  of  sulphur  inasmuch  as  the 
mineral  contains  10  per  cent,   of  earthy  matter  and   sulphur),   the  fibres 
.separating  at  the  same  time,  and  assuming  an  orange-yellow  colour.     On 
charcoal  before  the  blowpipe,  it  decrepitates  violently;  emits  an  odour  of 
■fulphurj  and  leavea  ferric  oxide.     In  cold  water,  it  eplit^  into  fibres,  a 
small  quantity  being  partially  dissolved.     Boiling- water  takes  up  rather 
moFOj  and  colours  the  fibres  orange-yellow.    In  hydrochloric  add  It  flwelk 
up  like  a  sponge;  acquires  a  bright  orange-yellow  colour,  and  soon  dis- 
solves  with  the  exception    of    the   sulphur   and    the    earthy   portions, 
(Prideau^,  PkiL  Mag.  J.  18,  307;  also  J.  ;>r.  Chem,  24,  127 J 

Friil^m,  Or ; 

2Pc*0» 156      .,..      3502        ,.,.        31  „„        34 '4 i 

3SO*  ..,..., 120       „..       27-40         ....         26  .„.         28-80 

IFHO 162      ....       36  98        ....        S3  .,,.        fi6'6f 

Earthy  matter.  Sulphur,   I 


und  loM . 
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100-00 
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™  g,  BUulphate, — If  to  a  tolerably  concentrated  solution  of  tersulphate 
of  ferric  oxide,  hydrate  or  carbonate  of  lime  he  added  till  the  precijJitate 
no  longer  re-<lis.solves,  and  the  liquid  be  rapidly  filtorcd,  the  dark  brown 
filtrate  contains  the  bisulphate.     Tlii.H  mlt  may  likewise  be  obtained  by 

IHgitatiug  a  concentrated  solution  of  tbo  tcrsulpliaie  with  the  ditiulpliute 
precipitated  in  the  cobi  (that  which  is  precipitate<l  from  a  hot  solution 
will  not  dissolve) .  The  quautity  of  disulphato  thus  dissolved  ie  not, 
however,  suflicieut  to  convert  the  whole  of  the  tersulphate  inti>  bisulphate. 
O'he  yellow  deposit  formed  on  crystals  of  green  vitriol  exposo<l  to  the 
ftir  con«i«ts  of  this  same  ^alt ;  hence  the  solution  in  cold  water  of  green 
vilriol  thn«i  altered  dopoaitrf  a  ktrge  rpiantity  of  disulpbato  when  heated. 
The  solution  of  the  bisulphate,  wheu  abandoned  W  fi^utak.uvM>\^  ^Nf^ 
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poration,  leaTos  a  ^ramniyy  yellowish- brown  majsa.  Whou  left  to  lUit% 
it  is  partly  resolved  into  diaulfihate  wUich  is  prcotpitatcd,  and  ter»ul|)li?it<s 
which  remains  in  solution;  the  decomposition  is,  however,  leas  complolc 
as  the  ^tilution  is  more  concentrated.  For  complete  decomposiiioa,  % 
boUiag  heat  is  necessary.  This  salt  forms  double  salts  with  the  stilpliatei 
of  potash  and  ammonia,  and  expels  the  ter$ulphate  of  ferric  oxide  ttom 
ita  combinations  with  these  alkaline  sulphates.  (Maus,  Po^^j,  W^  77 0 
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To  this  head  belongs  an  iron  ore  from  the  province  of  Co(iaimbo,  ia 
Chili,  which  occnra  in  globular  deposits  of  a  dingy  yellow* rrecn  oolov, 
ailky  lustre^  and  excentrically  fibrous  texture.  Cold  water  decora poaev  it 
graJually,  boiling  water  more  quickly,  with  separation  of  ferric  oxide  [t>f 
disulphato  t].     (H.  Rose,  Pogg,  27,  310^ 
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A  nother  ore,  from  the  same  locality,  occurring  in  thin  aix>sided  taWw, 
or  granular,  yellow^  and  translucent,  contains  more  than  2  and  less  thso 
3  atoms  of  sulphuric  acid  to  1  atom  of  ferric  oxide,  vii.  2*64  p.  c  ma^p- 
ncsia;  26'1]  ferric  oxide;  1-95  alumina;  39*60  sulphuric  acid;  29111 
water;  and  1*37  silica.  (H.  Rose.) 

A.  Ta-stdpfiaie, — The  so-called  Neutral  Sitlphalr  of  Farric  O^lrfe.— 
A  solution  of  green  vitriol,  exposed  to  the  air,  or  boiled  with  nitrk  adJ 
and  freed  from  that  acid  by  repeated  solution  and  evaporation  to  drynwii 
is  resolved  into  disulphate  of  ferric  oxide  and  soluble  ter«nlphate.  if  tlit 
solution  of  the  ferrous  sulphate  is  previously  mixed  with  half  as  mmik 
sulphuric  acid  aa  it  already  contains,  it  is  wholly  converted  Into  fenic 
tersulphatc.  The  same  solution  i^  obtained  by  treating  one  t.f  the  morebftflie 
salts,  or  the  ferric  oxide  itself,  with  dilute  sulphuric  acid,  or  hy  treating  ipoft 
filings  or  ferrous  sulpliatc  with  excess  of  oil  of  vitriol  till  the  exoeia  ti  e«* 
porated^,  and  then  dis^sol  vin^  in  water.  30  lb.  of  hj^drated  ferric  osidi^  TOIk 
of  red  oxide,  and  150  lb.  oil  of  vitriol^  heated  in  an  iron  rcsacl,  riae  to  i 
bright  red  heat,  with  evolution  of  sulphuric  aeid,  vapour  being  evolvi^ 
and  portions  of  the  nia««  projected  out  of  the  vesscK  (Priickncr,  iSflilA 
CO,  296.)  The  yellowish-brown  liquid^  which  strongly  rcddeus  lil]iiB% 
is  converted  by  evaporation  into  a  brownish-yellow  synxp  ;  and  \^ 
wlum  kept  for  6ome  time,  solidi6es  into  a  partly  pala  yellow,  pudjf 
white  mass  of  indi^stinct  cryataU.  The  colourlMS^  r^ular  oetowfawi 
obtained  from  the  solution  by  Huusmann  and  Bvlv^ester  {Anm^  PkS*  \% 
398  k  460)  prfdialily  consibtod  of  ammonia  iron-alum  orpotmak  iioii  illw 
On  further  ovaponition,  there  remains  a  brown  rr^inous  inajs»  iridobi  wbn 
completely  d<^privcd  of  it^  water,  is  ronvrrted  into  the  dirty-wliil9  ■sk]^ 
droufl  salt.  The  rc^iuou^  m^Lss  i^  ditlicult  to  dry  ;  bnt  u  muOMl  nl 
wator  whilo  etiil  hot,  it  Miidiiioti  buiUculy,  aud  may  tliai  W  m/S^  ioA 
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at  a  gentle  heat,  (Wittatein,  Rtpe^±  63,  223.)  The  anhydrous  salt  is  a 
white  powder,  which  dis8oive3  slowly,  nud  coTisecpiciitly  hiv*  but  a  vnry 
elitirht  taste;  in  ih^  state  of  solution,  however,  it  tastes  strongly  ferrut^inoiiK. 
When  somewhat  strongly  heated,  it  gives  off  anhydrous  sulphuric  acid. 
It  slowly  absorbs  moisture  from  the  air,  and  uUiuiately  deliqiie.^ccf!  to  a 
brown  liquid*  It  is  perfectly  insoluble  in  strong  oil  of  vitriol,  by  which, 
indeed,  it  id  precipiti\ted  from  the  cont'entrated  aqueous  solution  in  the 
form  of  the  white  duhydratcd  salt.  The  concentrated  aqueous  solution 
does  not  become  turbid  on  boiling;  hut  the  more  dilute  it  is,  the  more 
turbid  doe^  it  become,  and  the  lower  is  the  temperature  required  to 
produce  the  turbidity  ;  the  deposit  con.si.Hts  of  the  terbasic  salt.  The 
Bohition  of  1  i^t,  of  the  snlt  in  100  water  begins  to  show  turbidity  at  ^5^\ 
and  depo.sit£«,  on  boilin'^,  about  one- third  of  its  ferric  oxide  in  the  form  of 
tereulphate;  witli  200  parts  of  water,  these  nuuibcrs  are  70^  and  i  ;  with 
4D0  water,  50''  and  f ;  with  800  water,  50  aud  J;  with  1000  water,  47'5 
and  -|^.  (Th,  Schceror,  Pofj*j.  44,  4o3.)  When  the  solution  is  digested 
with  iron  filings,  ferrous  sulphate  is  produced ;  hydrogen  gaj^  is,  however, 
evolved  at  the  Kime  time,  and  a  basic  gait  of  ferric  oxide  precipitated. 
(Berzolius,)  On  boiling  the  solution  with  silver,  sulphate  of  ferrous  oxido 
and  eulphate  of  fsilver-oxido  are  produced;  but  a.5  the  liquid  cools,  the 
silver  i.-^  ag:un  precipitated  and  the  ferric  salt  reproduceiL  {Sch,  94.) 
The  sedation  mixed  with  common  salt  evolves  hydrochloric  acid  at  CO''; 
land  if  it  be  evaporated  to  dryness,  and  the  residue  further  heatc<l  witli 
access  of  air,  chlorine  is  given  ofi",  and  sulphate  of  soda,  together  with 
free  ferric  oxide,  left  behin<L  (Schaii'litiutl,  Ann,  Fharm,  43,  28.)  The 
salt  is  likewise  solubb  in  alcohol. 
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Coqxdvibite. — Found  together  with  the  two  ores  of  iron  descril>ed  on 
page  244.  Fig.  137;  r  :  cr=151^;  cleavage  imperfect,  parallel  to  r  and  ir; 
fracture  couchoidal;  colour  violet- white,  It  appears  to  have  been  produced 
by  the  weathering  of  iron  pyrites.  It  dissolves  in  hydrochloric  acid,  or 
in  cold  water,  with  the  exception  of  the  silica;  the  latter  solution  deposits 
a  large  quantity  of  ferric  oxide  on  boiling;  when  left  to  itself  at  ordinary 
temperatures,  it  yields  indistinct  crystals.  (H,  Rose,  Pogg,  27,  310.) 
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Q.  Ferrous  Sulphocarbonate, — ^An  aqueous  solntion  of  snlpho- 
earbonate  of  mlcium  yields,  with  ferrous  salts,  a  clear  mixture  of  a  deep 
wine- red  colour,  which  gradually  becomes  darker,  and  ultimately  forms  a 
liquid  which  apj»ears  ink-black  by  reflected  light;  when  the  ferrous  salt 
isi  in  excess,  part  of  the  compound  is  deposited  in  the  fomi  of  a  black 
|Mjwder,  (BcTzelius.) 
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A.  Srirvirr  or  In«»y — V.ij- ur«   of  «^]oniuTn    pojvofl   «»Trr  briwJ 

II  filiiiiTS  t'.'MiMrit*  iht^n-wiih.  j-r-iurri:  r..ii*i.!iT.iMe  evolution  of  'L'^* 

hiNiC,  ^*lioii  iron  lll.xijrs  iirc  Jica:...!  with  jiulvoriied  selenioo,  fX^ 
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oombination  takes  place,  unattended  with  visible  combustion.    Yellowish- 

Ey,  with  metallic  lustre;  Lard,  brittle,  with  granular  fracture;  when 
kted  alone,  it  does  not  fuse,  but  merely  bakes  together.  Fuses  before 
the  blowpipe,  giving  off  suboxide  of  selenium,  and  forming  a  black, 
bHitle  globule,  which  has  a  conchoidal  fracture,  and  appears  to  consist 
of  ferrous  selenite.  Dissolves  in  hydrochloric  acid,  with  evolution  of 
Mle'niaretted  hydrogen  gas.  If  the  hydrochloric  acid  contains  air,  or  if 
Ihe  air  has  access  to  the  liquid,  a  red  cloud  is  formed,  arising  from  the 
•Mftration  of  selenium;  at  the  same  time  there  is  evolved  another  gas 
grhich  has  a  very  disagreeable  odour,  is  not  absorbed  by  water  or  by 
Mqveoufl  alkalis,  and  gives  a  black  precipitate  with  nitrate  of  merouroos 
■Kide. 

Founded  selenide  of  iron,  when  heated  with  free  selenium,  takes  up 
IW  additional  quantity,  and  is  converted  into  a  brownish  powder,  which  is 
iilflolable  in  hydrochloric  acid,  and  gives  off  the  excess  of  selenium  at  a 
■tJcmg  red  heat.  (Berzelius.) 

B.  Sblenitb  op  Ferrous  Oxide,  or  Ferrous  Selenite. — Iron  is 
Wtmnely  attacked  by  selenious  acid,  but  becomes  covered  with  a  copper- 
Qolour^  film  of  selenium. — a.  Monoselenite,  Formed  by  double  affinity. 
Wliite  precipitate,  which,  when  exposed  to  the  air,  first  turns  grey,  and 
fliMi  yellow.  When  freshly  precipitated,  it  dissolves  in  hydrochloric 
:.lBtd — ^the  solution  containing  ferric  oxide  and  selenious  acid,  and  a  portion 

of  the  selenium  being  separated. 

6.  JBiselenite. — By  dissolving  a  in  selenious  acid,  from  which,  how- 
-'  ever,  it  is  soon  deposited.     Slightly  soluble  in  water;  the  solution,  when 
keated^  yields  a  brown  precipitate^  which  is  a  mixture  of  selenium  and 
ferric  selenite.  (Berzelius.) 

C.  Selenite  op  Ferric  Oxide,  or  Ferric  Selenite. — a.  Sesqui- 
^denite. — By  digesting  6  or  c  in  ammonia.  Does  not  dissolve  in  water, 
Imt  passes  with  it  through  the  filter.  Contains  about  48  ferric  oxide  to 
to  acid;  the  latter  is  complotclv  evolved  on  the  application  of  heat. 

h.  Terselenite, — By  double  decomposition.  Wliitc  powder,  becoming 
•oipewhat  yellowish  when  dry.  When  heated,  it  gives  ofi*  water,  turns 
red,  and  loses  all  its  acid.  According  to  Muspratt,  it  contains  4  atoms  of 
water. 

c,  SexHtUnxU, — When  iron  is  dissolved  in  excess  of  a  mixture  of 
boiling  nitric  acid  and  selenious  acid,  this  salt  crystallizes  on  cooling  in 
pistaccio-green  lamino),  which  give  off  their  water  and  turn  black  when 
heated,  afterwards  become  red  on  cooling,  and  give  off  all  their  selenious 
acid,  leaving  sesquioxide  of  iron.  It  is  insoluble  in  water,  but  dissolves 
in  hydrochloric  acid,  forming  an  orange-yellow  solution.  (Berzelius.) 


Iron  and  Iodine. 

A.  Pbotiodide  op  Iron,  or  Ferrous  Iodide. — 1.  The  two  substances 
unite  readily,  with  slight  evolution  of  heat,  and  form  a  brown  mass 
which  fuses  at  a  red-heat  and  volatilizes  at  a  higher  temperature. 
(Guy-Lussac,  H.  Davy.) — 2.  Scrullas,  by  passing  iodine  vapour  and 
TApour  of  water  through  a  red-hot  gun-barrel  containing  charcoal,  ob- 
tained highly  lustrous  crystals  which  looked  like  gold  filings  and  contained 
iodine  and  iron.— 8.  When  1  part  of  iron  is  digested  in  water  with  Z  ^asU 
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of  iodine  and  tlie  rcBtiltmg  aqueous  iodide  of  Iron  boileii  down  in  a  glass 
flafik  in  wliich  an  iron  wire  is  placed,  a  Bt eel-grey  mass  is  obtained,  having 
a  Lmiinar  fruotiire,  fusing  at  177^  of  diarp  and  astringent  tiieie,  and 
fimelling  of  iodine  wLilc  yet  nioifit.  When  strongly  heated  in  the  air,  it 
^^ives  off  iodine  in  vapour,  and  la  convertc^l  into  ferric  oxide.  (Todd 
Thomson.) 

Uifdrated  Proiiodid^  of  Ircrn^  or  Hydriodate  of  Ferrous  Oxide,^»~Th(^ 
aqueous  solution  evaporated  in  the  water-bath  yiehb  dark  green ieli -brown 
rhombic  crystals,  which,  when  strongly  heated  in  the  ain  give  off  wAter 
and  iodine  and  leave  sesquioxide  of  iron.  (J.  D;  Smith,  FhiL  Mctg,  J,  7, 
1,0(3;  also  iV.  Br.  Arch,  5,  5G.)  The  aqueous  solution  concentrated  in  a 
retort  till  it  froths  np  and  attains  the  consistence  of  oil,  solidifies  to  % 
greenish- black  crystalline  mass^  coneigting  of  green  crystals  which  paaa  to 
a  higher  state  of  oxidation  even  when  kept  in  air- tight  but  not  exhao8(«d 
vessels.  (Kemer,  Ann.  Fhanu.  29, 183*) — The  crystalline  masfi  is  myifih- 
black,  radiating,  and  yields  a  bluish-green  powder,  which,  when  kept  for 
4  montha  in  a  stoppered  bottle,  becomes  covered  with  laniinnt?  of  iodine, 
and  afterwards  dissolves  hut  partially  in  water,  fonntng  a  black*brown 
solution,  while  ferric  oxide  remains  undissolved.  (Preuss,  Ann.  Pkarm, 
2D,  329.) 

Anhydrous,  CryttalHsed,  Smiti. 
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Aqneoui  ProHodide  of  Iron^  or  Aqueous  Eydriodate  o/Ferrom  Oridi. 
— When  1  part  of  iron  is  brought  in  contact  with  2  or  3  parts  of  iodioe 
and  with  water,  heat  is  evolved  and  a  pale  blni.sh-green  solution  forciftl. 
This  liquid  rapidly  absorbs  the  oxygen  of  the  air,  witli  formation  Qfkrrk 
oxide — ^whereby  a  small  quantity  of  basic  salt  is  deposited — and  evolutioii 
of  iodine.  This  tendency  to  oxidation  may  be  almost  wholly  preveotd 
by  adding  sugar  in  (quantity  equal  to  twice  that  of  the  loulnei  ^^ 
evaporating  to  the  consistence  of  syrup.  (Frederking.) 

There  appears  to  be  no  Seiqui-iodid^  of  Iron,  or  Terh^driodai*  4 
Ferrk  Oxide. 

1.  When  2  parts  of  iodine  diffused  throngh  water  are  Bat urateil  with 
iron,  and  1  part  more  of  iron  added  to  the  pale  green  filtrate  (irhicli  i* 
citpablo  of  taking  np  more  than  1  pt.)  there  is  prod  need  a  dark  red-bro«T> 
mixture,  which  smells  strongly  of  iodine,  and  is  probably  a  mere  solntiwi 
of  iodine  in  aqueous  protiodide  of  iron  [!iv<lriodite  of  ferrous  oxide];  '^ 
exhibits  the  reactions  of  a  ferrous  salti  Oreen  precipitate  with  c»tt*<'* 
alValrs  and  green  with  alkaline  carbonates,  soon  turning  ivd-brovti;  ^^ 
crjkmring  with  suljdiocyanide  of  potassium  (hut  on  the  aildition  of  w^"^' 
(liloride  of  iron»  the  red  colour  immediately  appears);  blue  with  surcij 
and  nevertheleas  a  bine  precipitate  with  ferrocyanidc  of  potasaium.  ^ 
mixture  when  evaporated  gives  off  iodine  and  leaves  i^  nrown-red  ir** 
(Kerner,  Ann,  Phami,  30,  117.) — The  precipitate  formed  by  ferrocj>B^'*" 
of  potassium  is  light  blue  at  first  and  afterwanls  [in  consequence  V  ^ 
free  jodinol]  becomes  (!ark  blue.  Fcrrieyanide  of  potaiiHium  ^ir(!»  m^ 
dintely  a  dark  blue  precipitate.  Thestdution  evaporated  to  tli 
of  syrup,  whercdty  iudiue  is  evolved,  cry*talli7veH  on  c/»i»l 
deliqueacetit  red-brown  needles,  from  which  water  cxtr 
iron  contuinlng  excess  of  iodine,  and  leaves  ferric  ox; 
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jr.  Br,  Ardi.  22,  206,)  —  2;  Atjuemss  hydriodlc  aciil  prepared  from 
126  parts  of  iotliiie,  when  gently  heated  with  ex<^eFs  of  recently  preci- 
pitated hydrate  of  ferric  oxide,  dissolves  a  quantity  corresptmding  to 
62*56  parts  of  the  anliydrous  oxide.  The  Boltition  smeUs  of  iodine  and 
exhibits  the  reactions  mentioned  under  (1);  hence  it  would  appear  that 
part  of  th©  ferric  oxide  and  the  hydriodic  acid  decompose  each  other^ 
yielding  protiodido  of  iron,  free  iodine,  and  water.  (Keraen)  [The 
quantity  of  ferric  oxide  which  Kerner  found  to  he  dissolved,  is  too  great 
to  corres]>ond  with  the  formula  i  Fe^O'+SHI  — 2FeI  +  l4-3HO.]— The 
yellowigli-red  solution  of  ferric  oxido  in  aqueou.g  hydriodic  acid  ia  partly 
resolved  by  heat  into  protiodide  of  iron  and  free  iodide.  {Lii^aaigne, 
J,  Chim,  med,  5,  333. }^3.  Aqueous  protiodide   of  iron   deposits  ferric 

*  1©  when  expof«ed  to  the  air;  the  remaining  liquid,  ho  we  Yer,  contains  no 
jni-iodide  of  iron^  hut  (to  judge  by  its  reactions  with  alkalis)  protiodido 

iron  and  free  iodine.  {P.  Squire,  Phil,  Mag.  J,  3\  70.) 
According  to  Berzelius,  the  brown  powder  wbicb    is  depo.sited   oa 
exposing  aqueous  protiodido  of  iron  to  the  air,  is  not  pure  ferric  oxide,  but 
a  basic  salt* 

B.  lodale  of  Feii-ota  Oxide,  or  Fa^om  lodaie?  —  Iron  dissolves 
without  etfervepcencc  in  iodic  acid  either  dilute  or  concentrated ;  when  the 
eolation  is  boiled,  a  white  powder  is  precipitated.  (A.  Connell,  A\  Bdinb. 
PhiL  J,  IT,  72.) — lodate  of  potash  gives  a  yellowiwli-white  precipitate 
with  solution  of  green  vitriol.  ^Pleiscli],)  The  precipitate  is  soluble  in 
excess  of  solution  of  green  vitriol;  hence,  it  is  only  on  the  addition  of 
considerable  quantities  of  iodate  of  potash,  that  t!io  precipitate,  which  m 
of  a  dingy  flesh -col  our,  becomes  permanent*  It  has  an  astringent,  ferru- 
ginous taiste.  It  dissolves  sparingly  in  water*  readily  in  solution  of  green 
Titriol;  the  latter  solution,  when  boiled,  depofjit^  basic  iodate  of  ferric 
oxide,  iodine  being  sot  free  at  the  sumo  time,  (Geiger,  Mag.  Phmtti.  2D, 
253.) — The  precipitate  wliieli  ioflate  of  potash  yields  with  green  vitriol  is 
white  at  first  but  soon  turns  yellow,  giving  ofl'  iodine  and  increasing  in 
quantity,  ancl  afterwards  changes  to  brown  basic  iodate  of  ferric  oxide. 
The  mother-liquid,  which  has  a  yellow  colour,  deposits  an  additional 
quantity  on  boiling,  and  is  afterwards  found  to  contain  free  hydriodic 
acid,  (ftammelttberg,  Fogg.  44,  559.) — With  hydrochl orate  of  ferrous 
oxide  iodate  of  potash  gives  a  wliito  precipitate,  whicb  wdien  heated  gives 
off  chlorine  and  ttime  brown.  (Simon.) 

C.  lonATE  OF  Fkreio  Oxide. — a.  Bask  Salt — Precipitated,  on 
beating  a  mixture  of  iodate  of  potash  and  green  vitriol,  in  the  form  of  a 
ycUowish- brown  powder,  having  an  astringent,  fciTuginous  taate.  When 
heated  in  contact  with  paper,  it  detonatej^  and  gives  off  iodine  vapour. 

iGeiger.) — The  light  brown  precipitate  which  forms  when  the  mixture  is 
eft  to  s^nd  in  the  cold  for  some  time,  dissolves  in  hydrochloric  acid  with 
rapid  evolution  of  chlorine,  whereupon  ammonia  throws  down  a  mixture 
of  hydrated  ferric  oxide  and  iodide  of  nitrogen,  which  detonates  violently 
when  dry.  Dissolves  readily  in  nitric  acid,  forming  a  liquid  which 
contains  no  hydriodic  acid,  since  it  gives  with  nitrate  of  silver-oxide  a 
copious  precipitate  perfectly  soluble  in  ammonia.  The  light  brown 
precipitate  contains  lJ>*2g  per  cent,  of  ferric  oxide,  70'73  iodic  acid,  and 
!)  99  water:  it  is  therefore  3Fe"0^5IO*  +  15Aq.  (Uammelsberg.)  [The 
formula  4Fc^0^7KP  +  18Aq.  corresponds  still  more  closely  with  the 
analysii^;  but  both  these  formula;  are  improbable.} 
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IRON  AND  CHLORINE.  Ml 

solution  of  iron  in  excess  of  bromine- water.  (Liebig. — Brown-red ;  fuses 
at  a  gentle  heat;  while,  at  a  higher  temperature,  part  of  it  sublimes  in 
laniino)  resembling  mosaic  gold,  and  the  rest  is  resolyed  into  vapour  of 
bromine  and  a  residue  of  ferrous  bromide.  (Lb wig.) 

Aqueous  Sesqttibromide  of  Iron,  or  lli/drohromate  of  Ferric  Oxide. — 
Sesqnibromide  of  iron  deliquesces  when  exposed  to  the  air.  (Liebig.)— 
The  same  solution  is  obtained  by  dissolving  liydrated  ferric  oxide  in 
aqueous  hydrobromic  acid,  or  by  mixing  aqueous  protobromido  of  iron 
with  bromine.  The  solution,  which  is  of  a  yellowish-brown  colour,  much 
darker  than  that  of  the  sesquichloride,  and  has  a  strongly  ferruginous 
taste,  gives  off  hydrobromic  acid  when  evaporated,  and  deposits  the  fol- 
lowing compound.  It  does  not  yield  crystals  when  concentrated  to  the 
consistence  of  a  syrup ;  but  when  completely  evaporated,  leaves  a  brown- 
red  mixture  of  the  following  compound  and  sesquibromide  of  iron,  which 
latter  may  be  sublimed  by  heat.  (L5wig.) 

C.  Ferric  Oxybromide. — A  compound  of  sesquioxide  of  iron  with 
the  sesquibromide. — Precipitated  on  evaporating  the  aqueous  solution  of 
sesquibromide  of  iron,  or  on  mixing  it  with  an  insumcient  quantity  of 
potash-ley,  or  on  exposing  aqueous  protobromide  of  iron  to  the  air. 
(Lowig.) 

Bromine-water  converts  hydratcd  ferrous  oxide  into  hydrated  ferric 
oxide  and  bromide  of  iron,  which  dissolves;  not  a  trace  of  ferric  oxide  is 
taken  up.  (Balard.) 

Bromate  of  Ferrous  Oxide  does  not  appear  to  exist.  Green  vitriol 
yields  with  bromate  of  potash  a  brown-rca  precipitate,  which  dissolves  in 
a  larger  quantity  of  water,  forming  a  brown-red  solution.  (Lowig.)  This 
precipitate  consists  of  basic  sulphate  of  ferric  oxide,  and  the  liquid  con- 
tains free  bromine.  (Rammelsberg.)  Bromate  of  potash  yields,  with 
hydrochlorate  of  ferrous  oxide,  without  precipitation,  a  darker  mixture, 
which  acquires  a  dark  brown  colour  when  heated.  (Simon.) 

D.  BjioMATE  OP  Ferric  Oxide,  or  Ferric  Bromate. — Recently 
precipitated  hydrate  of  ferric  oxide  yields,  with  aqueous  bromic  acid,  a 
reddish-yellow  solution,  which,  when  evaporated  over  oil  of  vitriol  in  a 
receiver  filled  with  air,  acquires  a  greenish  tinge,  and  without  yielding 
crystals,  forms  a  syrup,  and  afterwards,  on  evaporation  over  the  water- 
bath,  a  dark  brown  mass,  from  which  water  dissolves  out  the  smaller 
portion,  forming  a  yellowish  solution,  while  the  greater  part  remains 
undissolved  in  the  form  of  a  quiniobasic  salt.  This,  when  ignited,  evolves 
water,  oxygen  gas,  and  bromine  vapour,  and  leaves  black  ferric  oxide;  it 
difisolves  m  nitric  acid.  (Rammelsberg,  Fof/^,  55,  68.) 
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Iron  and  Chlorine. 

PROTOcnLORiDE  OP  Irox,  or  Ferrous  CnLORiDE. — 1.  Formed  by 
boiling  down  a  solution  of  iron  in  hydrochloric  acid  out  of  contact  of  air« 
•nd  heating  the  residue  till  the  water  is  expelled.    l!V\QVi.QaM\Ti^\ii3 
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h  SmwdaJk. — Iodic  acid  and  iodate  of  poUah  form  witli  Imlroelbldtiili 
of  ferric  oxide  a  white  precipitate  goltible  in  excess  of  tbe  l^rrio  brJjv* 
clilarate.  (Pleischl.)  Tliis  precipitxitc,  after  wa^hiojj^  And  drjiag,  w  i 
dirtv  white  colour  and  a  weak  ferruginous  taste;  is  pesolrefl  bj  belt  lild 
iotline  yapour  and  ferric  oxide;  deflagrates  with  a  riolet  Vi^ht  wi*.  ♦«  >.-*^t«4 
with  charcoal  powder;  dissolrcs  readily  in  hydrocfalorate  of  ia 

and  in  500  parta  of  cold  water.     The  latter  solution  it  Wf^'unj 
turns  eltghtly  brown  when  heated  and  deposits  a  few  flakc«.  (C 
The  precipitate  obtained  with  iodate  of  goda  and  ralphat^;  of  (er 
and  ammonia  ia  yellowish-white,  with  a  tinjEfe  of  red   after  drjt«f;'i 
resolved  at  a  rod-heat  into  oxygen  gas,   iodine  vapour  And  feitio 
and  is  sparingly  soluble  iu  Ditric  acid.  (Hammel^berg.) 
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D»  and  E,  Ferrous  and  Feuric  Perfodates.^ — Mono-iodate  of  i 
gitos  with  ferrous  and  also  with  ferric  salt-s,  3^0! lowish- white  proQi|i 
isokblc  in  dilute  nitrio  acid.  (Benckiaer,  Ann,  Fharm,  17,  260.) 

IrOX   JUftI   fiROMINB. 

A.  Protobromide  op  Iium,  or  FERRors  Bromide. — Brorotne  'i:<^ 
not  act  upon  iron  in  the  cold.  (Berthemot.)— 1.  When  br«jmitio  <a[*R^ 
is  passed  over  gently  ignited  iron  wire,  the  wire  glows  vividly,  fu^e<,  3'*^ 
19  converted  into  yellowieh  protobromide  of  iron.  (Lie big,  S^ar.  4S,  lOT  I 
— Iron  filings  similarly  treated  bake  toother  into  a  greyish  maA"  c^vcn^ 
with  golden-yellow  scales  of  [se.«jqui1]  bromide  of  in>n  whicli  maj  ^ 
sublimed.  (Berthemot,  Ann.  Chim.  rhifs.  44,  391 ;  also  J,  Pkarm,  H 
— 2*  When  iron  filings  are  hettttnl  with  hydrobroinato  of 
hydroDten  gas  and  ammonia  arc  evolve*!,  and  bromide  of  iron  to  *^ 
difficultly  fu.siblc  state  remains  behind.  (Lowig,) — 3*  A  nolutl  •'!  '  ^*^ 
in  brnmine  and  water,  the  iron  being  in  eiceas,  leaves  drv 
iron  when  evaporated.  (Berthemot.) — Protobromide  of  iron/w  i 
in  the  air^  yieldB  a  6ublimate  of  fieeqiiibromide  of  iron,  while  frstjnn^SJ 
reniaine  behind.   (Lowig.) 

A  qtieous  Pj^tohromide  of  Iro%  or  If^rohromat^  f*/ 
When  bromide  of  iron  is  dissolved  in  water,  or  tr*^-"*^  '-^•- 
mixtare  of  broniine  and  water,  or  in  aqueon»  i 
green  solution  is  obtained,  which,  when  en  '    * 
rhombic  tables  of  sex-hydrated  broroiilo  of 
air  turns  brown  and  deposits  ferric  oxybromia*\ 

AnkydroMi,  Br-"'* 

F> £7-0      «..      25-62    ... 

Bf *...      784      ,.,.      74-38    . 


Mf    ffffl 


FteBf.». 


105-4 


B.   Bt>HQrillR0MTDB4 

protobromide  witU  hx^ 


IRON  AND  CHLORINE. 


wt 


I 


I 


[lo!«{ion  of  iron  in  excess  of  bromine-water.  (Liobig, — ^Brnwn-red ;  fuses 
^t  a  gentle  Beat;  while,  at  a  bigber  temperature,  part  of  it  sublimes  in 

IJaminM?  resembling  raosaic  gold,  and  the  rest  is  resolved  into  vapour  of 

I  bromine  aod  a  residue  of  ferrous  bromide.  (Lowig.) 

Aqueous  Suqtiibrvmidt  of  Iron,  or  Ift/drobrvmaie  nf  Ferric  O^tde.^ 
libromide  of  iron  deliijuescea  when  exposed  to  tbo  air.  (Liebig*)^ 
same  solution  is  obtaine<l  bj  diswlving  liydrated  ferric  oxide  in 

ftqaeoiia  hydrobromic  acid,  or  by  mixini>  aqueous  protobroraido  of  iron 

f  with  bromine.  The  solution,  which  is  of  a  yellowish-brown  colour,  much 
darker  than  that  of  the  sessquichloride,  and  bas  a  strongly  ferniginoua 

I  taste^  gives  off  hydrobromic  acid  when  evaporated,  antl  deposits  the  fol- 

'  lowing  compound.  It  does  not  yield  crystals  when  concentrated  to  ibo 
coneiiitence  of  a  syrup;  but  when  completely  evaporatedi  leaves  a  brown- 
red  mixture  of  i\w  following  compound  and  sesquibromide  of  iron,  which 
latter  may  be  sublimed  by  heat.  (Lowig.) 

C.  Ferric  Oxyhromide. — A  compound  of  sesquioxide  of  iron  with 
the  sesquihromide.^ — Precipitated  on  evaporating  the  aauoous  solution  of 
seequibromide  of  iron,   or  on  mixing  it  with  an  iugufhctent  quantity  of  i 
potaeh-ley,  or  on   expoeing  aqneoua   protobromide  of  iron   to  the  air, 
(Lowig.  )^ 

Bromine-water  convert*  hydrated  ferrous  oxide  into  hydrated  ferric 
oxide  and  bromide  of  iron,  which  dieaolvee;  not  a  trace  of  ferric  oxide  \b 
iaken  up.  (Balard.) 

Bromate  of  Ferrov^  Oadde  does  not  apfiear  to  exist.  Green  vitriol 
yields  with  bromate  of  potash  a  brown-red  precipitate^  which  dissolves  lU  < 
a  larger  quantity  of  water,  farming  a  brown-red  solution.  (Lowig.)  Thia  ] 
precipitate  coneiats  of  banic  eulf>hate  of  ferric  oxide,  and  the  li(|uid  con- 
tains free  bromine.  (Raramelsberg.)  Bromate  of  potash  yields,  with 
bydrochl orate  of  ferrous  oxido»  without  precipitation,  a  darker  mixture, 
which  acquiro.5  a  dark  brovrn  colour  when  heated.  (Simon.) 

D.  BROMATE  OF  Ferric  Oxide,   or  Ferric  Bromate. — Recently 
I  Jirecipitated  hydrate  of  ferric  oxide  yields,  with  aqueous  bromic  acid,  a 

fed<ii!?h-yeUow  solution,  which,  when  evaporated  over  oil  of  vitriol  in  a 
receiver  filled  with  air,  acquires  a  greenish  tinge,  and  without  yielding 
crystals,  forms  a  ^yrup,  and  afterwards,  on  evaporation  over  the  water- 
"  ,  a  dark  brown  mass,  from  which  water  dissolves  out  the  Fmallor 
tfon,  forming  a  yellowish  solution,  while  the  greater  part  remains 
tin  dissolved  in  the  form  of  a  quintobasic  mil.  This,  when  ignited,  evolves 
water,  oxygen  gas,  and  bromine  vapour,  and  leaves  black  ferric  oxide j  It 
dittalvcs  in  nitric  acid.  (Rammelaberg,  Fogg,  55,  68,) 
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m  pROTOcnLORiBE  OF  Iron,  or  Fkhrous  CnLonrBE. — ^1.  Formed  by 
hoibtig  ilown  a  solution  of  iron  in  hydrochloric  acid  out  of  contact  of  air, 
aud  heating  the  residue  till  the  water  is  expelled.     The  heating  mgi^  Ij4 
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1  ia  OMteet  vitk  0x7901  w,  it 
dJofi»e;  kwlad  wHk  m^wmum  rtifsmr^  il  terms  ferric 
MammUg/^    Witli  «!  of  Titniol  aad  willi  Milfiliiir,  11    t>e 

Mydrmltd  igfiy idybi  idb  of  /ron,  or  Hydr^diihraie  of  Fg-i 
SeB^mUandft  of  vnm  ^mlTee  m  water  mtli  coasiderabte  c 
ImbI,  and  KkewitQi  dtBifMaees  in  Ike  air.     Tlie  liquid  ioru\ 
I  iicallad  CWriw  Mariu,    Tbo  aiae acdotiiui  naj  be  • 

1 1  1.  By  diaaolvn^  ferric  oxide  or  iCa  bvdiate  m 
koOiw  IfejdnMUoiTe  add.  Ptoa  bloodnstoae  finelj  pounded  maj  likewiit 
W  WM  m  tfcii  ptpawu  (Malur,)  2.  Bj  dissolTin^  iron  to  saiitralloa  ia 
a  definite  onaatitj  of  hjdmlilone  arid;  filtering  the  solatioa,  and  niii]^ 
it  witk  liall  as  wamA  lijdiocUoric  add  na  il  already  eon  t  aids;  tlien  li«ati^ 
Ike  liquid  to  cMlitioD  in  a  eapadoos  Teasel^  and  adding  nttrie  add  ia 
mall  portions  till  tbe  daik  Krown  eokNir  first  prodaoed  1>j  tlie  nKsarpiioa 
of  BitftHtB  gas  haa  giv^en  place  lo  a  jellowish-brown^  and  the  further  i 
lion  of  nitric  add  prodaeag  ao  erofation  of  nitrous  ga^.  The  mixture 
rerj  apt  to  froth  over,  espedaUj  towards  iLe  eod  of  the  ooeiatioai 
all  the  nitric  oxide  whidi  lua  been  abaorbed  is  evolved,  llto  faa 
ma  J  aleo  beobtaioed  hj  dismlriog  troo  in  aqns-r^^ia;  bnt  it  h  not  ea^  I 
Idt  Ibe  right  proportion  of  the  acide. — 3.  By  parsing  vradied  chlorine  gm 
Ikroagh  aoneood  hjdroehbrie  acid  saturated  with  irooi  aa  long  aa  tlMi  ga 
la  abaorbed.  The  dark  brown  liquid^  which  has  a  rough  taale  and  aaloofl 
the  skin  yellow,  yields,  on  ciraponition  and  eooHngi  eryetata  oaiilaiaav 
two  different  proportions  of  water, 

a,  PtfUa-iydrQUd,^^!.  Obtained  by  evaporatiog  the  Ijould  to  a  ijrap 
f-^mixiug  it  with  a  small  ({uauUty  of  litroug  hydrochloric  acid  to  ro-dtisalfa 
the  precipitated  ferric  oxychlonde — ^and  leaving  it  to  itaelf  In  tha  oal«L 
(Stein,  Eepcri.  IS,  204.)— 2.  By  (u  '  -        ^^ratiqf  till 

the  liquid  become*  uerfeclly  solid  .  1  i#t  hydf^ 

chloric   acid— and  leaving    the   soluuuu    tu    coal.     (Jr  riU^Ua)— ^'V   ^^ 
crystals  6t  placed  beside  oil  of  vitriol   under  a  receiver  eoiilaiuiiij 
eoun  deliaueece  and  form  a  thick  li^uiil,  in  which  largo  oryatala  tJienlao^ 
till  the  whole  is  converted  into  n  Ttijtsii  of  crystals.  (FritesHte,  J,  pr.  Chtm. 
18,470,)    Aurura-red  tall  ;  luxge,  deep,  re^l  1  v  ctyMak 
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air  Tcry  rapidly,  aud  with  evolution  of  heat.  (Frttsachiu) 
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-vstals  n  and  h  nro  shaken  toir^ther,  a  tili;;Ut  ftdl  ol  (oa 
I* face,  aad  a  liquid  is  obtained — the  ianto  aa  Iboi  jtimhwilJ 
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imperfect  evaporation  of  tlie  cryBtala  h — wliich  produces  great  heat  wliea 

mixed  with  water.  (Fritaficlie.)     1  At  ferric  cliloritle  diesolved  in  9  At. 

water  yields  a  Htjuid,  wliicli  is  identical  witli  the  Oltwm  ilfartU  of  the 

older  chemists  (as  ohtained  hy  deliquesoeitoa  of  tlie  solid  chloride  in  the 

•     air),  has  a  denisity  uf  l'5i5,  and  refuses  to  crystallize.  (KimLSt.)    Hence 

B there  are  two  solutions  of  ferric  cbloride  in  water  to  ho  distinguished;  one 

B%ontaining  more  than  5  and  less  than  J  2  atonic  of  water,  the  other  ceu- 

Htaining  more  than  12  atoms. 

h.  Dodeca-hj/dr€tied^ — Ferric  chloride  deliquesces  rapidly  in  the  air, 
then  crystalUaes  in  the  form  of  this  salt,  and  afterwards  deliquesces  much 
less  quickly.  (Kinast,  KaMn,  Arch.  20,  281.)  This  salt  like wi^ie  separates 
slowly  from  an  aqueous  stdution  of  the  chloride  not  too  much  concentmted 
— ^fine  radii  stretching  out  in  all  directious  from  particular  points,  and 
forming  j«ile  orange-yellowj  opaque,  hemispheric  nodules,  into  which  tho 
whole  liquid  is  ultimately  converted.    If  the  cTaporation  has  been  carried 

ttoo  far,  the  syrup  will  not  crystallize  unless  it  bo  exposed  for  some  time 
|o  the  damp  air  of  a  cellar,  from  which  it  ran  ahsorh  water,  (Mohr,  Aiin, 
Pharm.  20,  173.)  A  crystiilline  mass  of  this  nature,  having  been  kept 
for  half  a  year  in  a  stojipered  bottle,  waa  found  to  he  converted  into 
lirowu-reil  transparent  rhomhic  tahlcs  [of  salt  a  ?],  surrounded  by  a  small 
quantity  of  lifinid,   (Winckler,  Iltpert,  67,  150*) 


FritzBchc  {mean,) 
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Aqti^onB  Sesqulckioride  of  Iron,  or  Aqueous  Tfrhydrocklorate  of  Ferric 
'  V  The  salt  h  deliquesces  slowly  in  the  air.  The  aqueous  solution, 
when  evajKjpated,  gives  off  more  or  less  hydrochloric  acid,  depositing 
ferric  oxychloride;  and  if  evaporated  to  perfect  dryness — whereupon  a 
further  quantity  of  acid,  top'ther  with  some  ferric  chloride,  is  given  otf- — 
it  leaves  a  mixture  of  ferric  cldorido  witli  ferric  oxychloride.  Wlieu 
silver  is  immersed  in  the  solution,  protochloride  of  iron  is  furmed,  and 
the  silver  is  converted  into  chloride,  which  is  black  at  first,  but  after- 
wartb  turns  white.  (Wetzlar.) 

Ferric  chloride  is  likewise  soluhlo  in  alcohol  and  in  other ;  but  if 
eicpoeed  to  light  or  heat,  it  is  converted,  etipecially  by  the  ether,  into 
protochloride.  The  solution  of  ferric  chloride  in  a  snuill  quantity  of 
alcohol  of  9G  per  cent.,  remains  liquid  at  7*')^;  hut,  if  stirred  with  a  glass 
rod,  immediately  solidifies  to  a  solid  yelluw  crystalline  mass,  whereupon 
the  temperature  rises  to+  19^.  (Wincklcr.) 

C.  Ferric  Oxychloride,  or  Basic  Hydbociiloeate  op  Ferric 
Oxide. — a.  Solubk  Oompound, — ^When  recently  precipitited  hydrate  of 
ferric  oxide  is  added  to  an  aqueous  solution  of  ferric  chloride,  as  long 
as  it  dissolves,  a  dark  red  liquid  is  obtained,  having  a  F]>eci<ic  gravity  of 
1-017.  This  liquid  does  not  become  turbid  on  boiling,  dilution,  or  evapo- 
ration to  dryness;  but  if  mixed  wnth  a  few  dr<qis  of  nitric  acid,  it  deposits 
the  greater  part  of  the  oxide  in  the  form  of  a  basic  compound,  and  gives 
a  dark  bluiah-green  precipitate  with  ferrocyanide  of  |>otai«sium.  A  sample 
of  this  liquid  yielded  by  precipiUitioii  with  potash,  1,>.'>  purts  of  ferric 
oxide,  and  afterwards  by  precipitation  w  ith  nitrate  of  h\\s^x  \^\iix  iaA*^V 
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of  nitric  acid)  dO  pari'?  of  chlondo  of  silver.  [Henco  ihh  corapounJ 
appears  to  consist  of  14Fe^0*-hFtt-CP.]  If  mure  liydrateJ  oxide  be  added 
to  the  liquid  than  it  is  able  to  take  up,  the  soluble  compouud  unites  with 
it,  and  forma  tho  insoluble  variety.  (PbiUips,  Phil.  Mag.  Ann,  8,  406 j 
also  Br,  Arch.  39,  3U,) 

h.  Insoluble  Compound,  —  Precipitated  m  rnst-brown  flakes  when 
bydrochlorate  of  ferric  oxide  is  mixed  with  an  insufficient  quantity  of  an 
alkali,  or  when  it  is  evaporated,  or  when  tho  nioiio-hydroehlomte  of 
ferrons  oxide  is  cxpo.sed  to  air  in  the  hydrate<l  state.  When  heated  it 
first  gives  off  water,  then  ferric  chloride,  and  leaves  ferric  oxide. 

Hypochlorite  of  Ferric  Omide  does  not  appear  to  exist.     Hydrated 
ferric  oxide  dried  in  the  air,  and  then   introduced  into  dry  cblonuo  g&% 
quickly  fuses  into  a  dark  red  li<£uid,  which  decolorizes  intligo  and  givei    ^ 
off  all  \U  chlorine  at  a  boiling  heat,  leaving  ferric  oxide.  ^Grouvella^H 
The  absorption  goes  on  slowly;  the  solution  exerts  a  decolorizing  actio^^^ 
evolves  chloriiie  and  hypochlorous  acid  when   heated,  and  deposits  tho     ^ 
ferric  oxide.     It  appears  to  con^iist  of  ficsquichloride  of   iron   and   free 
hypochloroas  acid,  which,  on  the  applica-tion  of  heat,  are  resolved  ioto 
free  chlorino  and  ferric  oxide.     Aqueous  liypochlorous  acid  does  not  di»- 
solve  ferric  oxide;  and  when  hypochlorite  of  lime  is  mixed  with  ferric 
eulphate>  the  ferric  oxide  is  precipitated  together  with  the  sulphate 
lime,  and  free  hypochlorous  acid  remains  in  tho  litiuiiL  (Balard^) 

D»  Perciiloratr  of  Ferrous  Oxide,  or  Ff.rrous  PKitcriLORATE*^ 
When   green  vitriol  is  precipitated  by  perchlorate   of  baryta,   and  th 
liquid  littered  and  evaporated,  long  colourless  needles  are  obtained,  whij 
remain  permanent  for  a  long  time  in  the  air,  and   then  oxidize  in   ' 
man  nor  of  green  vitrioL    They  scarcely  detonate  on  glowing  coals, 
the  solution  is  evaporated  in  the  air,  a  small  quantity  of  ferric  salt 
formed,  (Scrullas,  Ann,  Chim,  Ph^s,  40,  305.) 


Iron  and  Pluorike. 

h.    PnOTOFLTTORlDE     OP     IroN,     FcFj     and      Mo^'OlIVDnOFLUATfJ     of 

Ferrous  Oxide. — Iron  dissolves  in  warm  aqueous  hydrofluoric  acid,  with 
evolution  of  hydrogen.  Tbo  liquid,  when  evaporated,  yields  white  reet 
ungufar  tables,  which  turn  pale  vellow  in  the  air.  These  crystal*,  wh« 
gently  heated,  give  off  water,  ani  are  converted  into  the  dry  protofluorid 
of  iron,  which  undergoes  no  alteration  when  ignited  in  the  air;  but  if  tl 
rJ'ystala  are  suddenly  heated,  a  small  quantity  of  hydrofluoric  acid  go< 
off  together  with  the  water,  and  the  residue  htm  a  red  tinge  from  adniij 
ture  of  ferric  oxide.  The  crystals  dissolve  with  difficulty  in  pure  wnt« 
•^^more  easily  in  water  contiiining  hydrofluoric  acid.  Alkalis  precipii 
hydra  ted  ferrous  oxide  from  tlio  solution.  Protofluoride  of  iron  coniblE 
with  the  fluorides  of  the  alkali-metals,  formiog  colourless,  difficultly  fudibh 
compounds.  (Berzelius.) 

B.  Sesquifluoriiib  op  Inoy,  Fe*F',    and   THn-uYDROPLWATit  or 
Ferric  Oxide. — Formed  by  >i '  -  ^  a»(ue<Mis  liyd)   "  '     ' \\ 

hyd rated  ferric  oifide.    The  col  hitjon,  wlion  <  i| 

pale    flc^h-coloured   cryf*tal-,    huviu;;    ii  swoct  and  rou;^h    Li>W,      i  Lr 
crydtak  rc-dis^olvo  perfcoLlyi  but  slowly,  tu  water,  forming  a  colouri^ 
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liquid.  Scsqui fluoride  of  iron  conibiiics  with  other  metallic  fluorides, 
forming  conipouiiils  which,  for  tho  most  part,  are  nearly  or  quite  insoluble, 
bat  nevertheless  are  not  deposited  from  a  mixture  of  the  aqueous  solutions 
of  the  two  fluorides  till  heat  is  applied.  (Berzelius.) 

C.  Ferric  Oxyfluoride,  or  Basic  Hydrofluate  of  Ferric  Oxide. 
Precipitated  on  mixing  the  aqueous  solution  of  B  with  excess  of  ammonia. 
Rusty-yellow  powder.  (Berzelius.) 


Iron  and  Nitrogen. 

A.  Nitride  op  Iron. — Dry  amnioniacal  gas  passed  over  iron  wire 
heated  to  redness  in  a  tube,  is  resolved  into  hydrogen  and  nitrogen  gases, 
Bind  the  iron  becomes  very  brittle,  though  it  does  not  perceptibly  increase 
in  weight.  (A.  Bcrthollet,  Gill,  30,  378.)  The  increase  in  weight,  after 
the  gas  has  been  passed  over  the  iron  for  24  hours,  does  not  exceed  0'2 
pts.  for  100  parts  of  the  iron.  (Theuard,  Ann,  Chim.  85,  61;  also  Gilb, 
40,  2G7.)  After  0  hours'  passage  of  the  gas,  it  amounts  to  only  0*15  to 
Bvery  100  parts  of  iron;  after  2  hours'  passage  of  the  gas,  the  iron 
appears  brittle,  exhibits  the  fine-grained  fracture  of  steel,  may  be  hardened 
in  the  same  manner  as  steel,  and  will  then  give  sparks  with  flint;  but 
afker  9  hours'  passage  of  the  gas,  it  is  even  softer  than  common  iron,  no 
longper  admits  of  hardening,  and  its  specific  gravity  is  diminished  from 
7-788  to  7-6637.  (Savart,  xinn,  Chim.Phys,  37,  326;  also  Pogg,  13,  172.) 
^When  amnioniacal  gjus,  freed  from  water  and  carbonic  acid  by  passing 
DTer  chloride  of  calcium  and  hydrate  of  potash^  is  passed  for  6  or  8  hours 
DTer  red-hot  iron,  100  parts  of  the  iron  increase  in  weight  by  7  to  11*5 
pto.  [11'5  :  100=14  :  121-7;  hence  each  atom  of  nitrogen  is  united  with 
more  than  4  At.  (108  pts.)  and  less  than  5  At.  (135  pts.)  of  iron].  The 
nitride  of  iron  thus  obtained  is  white,  brittle,  and  even  friable;  its  spe- 
cific gravity  often  does  not  exceed  5  0;  with  the  magnet  and  with  acids 
it  acts  like  other  iron,  but  is  more  readily  altered  by  sir  and  water. — 
Hydrogen  gas,  passed  over  red-hot  nitride  of  iron,  withdraws  the  nitrogen 
from  it  and  forms  ammonia;  a  case  of  reciprocal  affinity.  The  hydrogen 
gas  evolved  when  nitride  of  iron  is  dissolved  in  dilute  sulphuric  acid 
eontaius  about  6  per  cent,  of  nitrogen;  the  quantity  of  gas  evolved  is 
also  less  than  when  pure  iron  is  used,  because  sulphate  of  ammonia  is 
formed  at  the  same  time.  Sometimes  the  iron,  after  ignition  in  ammo- 
niacal  gas,  is  found  to  be  altered  in  its  physical  properties,  as  above 
detcribedy  and  yet  has  not  increased  in  weight;  in  such  a  case,  the 
eombination  of  the  nitrogen  with  the  iron  is  but  transient,  but  has  the 
•ffect  of  altering  the  mutual  arrangement  of  the  atoms.  (Despretz,  Ann. 
diM.  Fhy$.  42,  122;  also  Fogg.  17,  296.) 

B.  Nitrate  op  Fkrrous  Oxide,  or  Ferrous  Nitrate,— Protoni^ra^e 
9f  Irtm. — 1.  Formed  by  precipitating  nitrate  of  baryta  with  an  equivalent 
quantity  of  ferrous  sulphate  and  evaporating  the  filtrate  in  vacuo  over 
od  of  vitriol. — 2.  By  dissolving  iron  in  very  dilute  nitric  acid,  and  expos- 
ing the  solution  to  the  air  to  free  it  from  nitric  oxide,  which  gives  it  a 
greemsh-brown  colour.  (H.  Davy.)  — The  iron  should  be  immersed  in 
water,  and  nitric  acid  free  from  nitrous  acid  and  chlorine,  added  in  s 
portions  and  with  constant  agitation,  so  that  tho  temperature  nuq 

aboye  50°;  as  often  as  the  liquid  cools  down,  fred:i  qay^  moai 
YOL.  T.  a 
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[(orated  eolniion  of 

rf,M  m  intxod  witL 

nlotdy,     It  m  aim 

:h|  solution  i>f  a,^, 

■  \\(^.  it;  by  Iwilitig  u> 

ill  viimMiy  Imiiini; 
1  I  jttirtly  Holnlik  in  jm-^ 
li  riioiiiiP.)     The    product 
<;r.myello,   81  "20  C^  At.) 
.;  U' titer, 
M  lu'  [lumier,  easily  soluble 
id  ftriluticm.     The  solu- 
in  ibo  <'old  to  n  black- 
ly   solution    precipitates 
■y.  \y  m  cnld^  and  quicl^ly 
uil  vvliHih  i^xliibiu  llit^  aHtud 

ifh  wr«Tiioi»i»i  aiiil  tbo  FKjiJid 
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\:n%  the  fiUmte  (?c>iitftms  u,  dntiliti 
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,t\ti  M^Ui\Ai^  in  tLqueoll^^  ammonia,  ami 
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4Jilioji. 


ItHKT  OvinK,  OrFERRTO  AzOPEfOSPITAtE. 

*'[;vu  {IL  474)  w  dtssftdvod  b  nlcolnd, 
!tijkj!»[ti<ju  IriHtiiutly  eugtit^a;  and  if  tho 
I    -,  the  rc^-Hidnc  ro -di^sidved  in  wuter^ 
1^  Ui/<]  with  a  ft'rric  kiU,  a  white  floccu- 
ii:i\  ifti(  tho  fippc»«r^inc€»  iif  ordinary  fcrrio 
rn  thru  mU,  by  Kdng  iii^oliiblo  in  diluto 
m J  0 n i « . *^ ■  f  h i «  mil  i^  t  h f  n^oph os jj t lat <>  o f 

I  itc*ly    di*e^)tJiji<Kst^d    hy    lioliitioti    of    potaivli, 
'  r«rtiied.  Mil  J  iimw  nxhli^  tt^mam'mg  undis- 

'!  i J  "  '^  it  on  tUu  apfditratitjn  tif  lumt, 

vv'*>Ulh  tUHtiji^ni^  and  the  fa^^d  miUH^  ri^-dis* 

•  witli  ammonia,  yiiOd><  ordinary  feriic  pfroa- 

'  i!   di?>i<ilvc>!i    it   riivij  dof^om|x>J!<ci8   it    when 

■  i  :it  ordinary  tnnppratnrofl,  or  at  100",  ha« 

II  Im  .jtfrd  to  ttliowt  ^:U»  ,  if  Piiddonly  gWe^  ^df 
r;],    iiij  iNiiitmii^j  a  djtrk   brown  ei)lour,  whdr.  n 

tall  I  no  body  tfublinic^s.     Tb<i  wbliuuite 
I    tmtiti>d  with  tijtmtc  t>f  «il«pfr  I 
iiu;^li,Lh'Vv  rliiiiiLr'"-!  to  a  clear  or" 
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added.  Under  these  oircumstances,  no  gfu  is  6Tolred^  but  nitnlo  of 
ammonia  is  formed  at  the  same  time.  (Berieliaa.) 

8Fe^lONO'  +  3[IO=:8(FcO,NOi)-hNH\NO*, 
1  part  of  nitric  acid  with  3  parts  water  evolves  uo  gB^  in  acting  dim 
iron;  with  2  jmrts  water,  nitrous  oxide  is  at  Hrst  evolved,  mixed  with 
nitric  oxide;  afterwards  only  the  latter.  (Pleiscbl,  ScAuk  38,  464.)  — 
The  pale  green  solution  thiia  obtained  does  not  deposit  ferric  oxidi  Of 
give  off  nitric  oxide  ^a^^t^  till  it  ib  heated  to  the  huiliu^c  point  (B«mltQiy 
I^offg,  27,  121.) — 3.  Proto&ulpljide  of  iron  dissolves  in  dilute  nitric  kiA 
surrounded  with  a  frig<irific  mixture,  hydrosulphuric  acid  being  evolrcd 
and  a  green bh  lit|uid  furmed,  which,  on  the  slig-hte^t  rise  of  temptvmUiie, 
is  converted  into  a  ferric  salt,  (Berzeliui^.) — 4.  The  solution  of  eoale-oxidf 
of  iron  in  stronH"  nitric  acid  yields,  after  a  while,  nearly  colourles*,  ri|Jil- 
angled  fuur-tiided  prisms  with  diliedral  summit^j.  These  crystaU  d«lj*ju<«e 
in  the  air,  and  bave  a  sharp  ta^to.  Schonbein  ro^artU  them  as  con- 
sisting of  ferric  nitrate,  to  bo  imraediately  described*  Tho  ^olntioo  of 
the  ftcale-oxide,  when  heated  or  exposed  to  tho  air,  is  converted  into  ferrir 
nitrate,  with  deposition  of  yellaw  flakes,  (Van^uelin.) 

C.  NiTRATF!  OF  FlCRRlC  OxfDE,  Of  Feurk"  NrTttATR.^ — PfrmiirtiU  of 
Iron. — Nitric  acid,  when  not  too  dilute,  attacks  iron  very  eoergcttieaUTr 
great  heat  being  produced,  nitric  and  nitrous  oxitle  evolved,  and  nitiilf 
of  amnion  in  formed  at  the  8amo  time;  if  the  arid  ia  in  exeeaiy  a  hi^wa 
aolution  is  formed;  if  it  is  deficient^  a  yellowitih-brown  baaio  amlt  is  ikt 
result. 

a.  Acid  Salt — »,  Formed  by  dissolving  iron,  forrio  oxide^  or  iti 
hydrate  in  heated  nitric  acid.  The  anhydrous  oxide  dianolroa  -wwlf 
slowly  in  nitric  acid,  much  less  readily  than  in  hydrochloric  acid.-^TV 
3reilowi8hd)r(>wn  sohiiicui  becomes  syrupy  on  evaporatiau,  o^nd  Auhi»^ 
quently  leaves  a  brown  residue  wlitch  gives  off  itJ»  acid  whtn  C^tljr 
heated,  so  that  6rst  a  basic  salt  and  afterwards  pure  ferric  oxide  is  left* 

^.  When  1  volume  of  the  concentrated  mdution  a  is  mixod  *iA 
5  volumes  of  water,  and  theyollow  mixture  gradually  heat«i<l  till  tt  boili, 
it  a»¥unied  a  deep  blood-red  colour — retnins  this  colour  t\  i  nooiBf 

lurbtd,  on  cooling* — ^and  then,  on  the  addition  of  a  i^nmll  ^|  <4  mM 

acid,  dejmnits  the  basic  t$ali  b,  fi,  from  which  the  oolottrleii»  Ui|U4d  ai«ill« 
nuickly  filtered,  before  the  precipitate  re-dissolvea.  The  eohittllHi 
liquid,  evaporated  to  a  syrup  tind  thon  left  to  it^lf  iu  ^OM!  voiaiK 
oiystalliJics  in  colourless  or  pale  yellow  cul>ea.  Tho  brown  ttoioliMi  o^ 
may  also  Ite  mixed  with  an  adilitional  <|uantity  of  nitric  acid  i  it  llierflif 
becomes  nearly  colourless,  and  on  the  subset] urut  aAbbtion  tif  wat^r*  iMtt 
all  iLs  colour^  and  then,  after  filtering  and  e\^po ration,  yioldi  ikt  mm^ 
eaberf.  The  yellowish  colour  of  the  eubos  diaafp^ari  ri^ti..^f  ia1..41f 
when  they  an*  dried  betw(»en  bibuloui  |iaper,    IM  mat!  n^ 

thereby  af>sorbed.  [Frey  (Kftgln,  Arch,  14,  1 7^)*  by  a  iiiiLm,.^  ^U4i^  h» 
dooji  not  describe,  obtainetl  rhombohedrons  with  truncated  edg«it;  ai^ki 
of  the  rhombohedron  =  TH^  and  102',) — The  cr-  *  '-  **:-*?  at  a  tonpflmp 
ttir*»  Wow  50**;  they  delique«e»>  rapidly  in  tho  ^'l?  *  B<jiiid«f  ■ 

hon^V' yellow  colour,  and  dissolve  in  all  proporimn^  m  wator,  A  (WBi^ 
whur  rnncentnited  solution  turn.«^  yellow  on  i^tich  appHoaiioQ  ol"  jiitt,  lb 
colour  h^'\\\  r  the  higher   t'  i  i  niturt^;  a  ve^  dil«lip  aQlitfift 

bf^roTTio^  p-  r  s  yellow  by  b.  1  if  nitric  acid  b««dd«dlaii« 

nf  Ltn  detHJitits  a  c^TUin  qtiaallty  of  Uia  bMo  «ll4/^ 

^  141,) 
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h,  Bitiic  SaU. — m.  Precipitated  when  a  perfectly  saturated  solution  of 
ferric  oxide  in  nitric  acid  is  diluted  or  boiled;  or  when  a,«  is  mixed  with 
a  quantity  of  alkali  not  sufficient  to  precipato  it  completely.  It  is  also 
formed  by  digesting  hydrated  ferric  oxide  with  the  acid  solution  of  a,«, 
or  with  a  quantity  of  nitric  acid  not  sufficient  to  dissolve  it;  by  boiling  a 
very  dilute  solution  of  a^a  containing  the  smallest  possible  excess  of  acid; 
and  by  evaporating  the  solution  of  a,a  to  dryness,  and  carefully  heating 
the  residue. — Brown,  gelatinous  when  moist,  and  partly  soluble  in  per- 
fectly pure  water,  forming  a  red  solution.  (Berzelius.)  The  product 
obtained  by  heating  a,a  contains,  according  to  Grouvelle,  81*26  (4  At.) 
ferric  oxide,  14-06  (1  At.)  acid,  and  4*68  (2  At.)  water. 

^.  For  the  preparation,  see  a,3,  Oclirc-yellow  powder,  easily  soluble 
in  pure  water,  in  which  it  forms  a  deep  blood-red  solution.  The  solu- 
tion, when  concentrated  by  evaporation,  solidifies  in  the  cold  to  a  black- 
brown  jelly.  Nitric  acid  added  to  the  aqueous  solution  precipitates 
a  portion  of  the  salt.  The  dry  salt  dissolves  slowly  in  cold,  and  quickly 
in  warm  nitric  acid,  forming  a  colourless  liquid  which  exhibits  the  same 
characters  as  the  solution  of  a,B,  (Schbnbcin.) 

When  a  ferrous  salt  is  supersaturated  with  ammonia  and  the  liquid 
filtered,  a  colourless  solution  is  obtained  which  quickly  turns  green  in 
the  air,  and  afterwards  exhibits  a  brown  turbidity,  arising  from  the  for- 
mation, first  of  hydrated  ferrous  oxide,  and  afterwards  of  hydrated  ferric 
oxide.  Hence  an  opinion  has  been  entertained  that  hydrated  ferrous 
oxide  is  soluble  in  ammonia.  But  the  same  liquid  is  formed  when  the 
ammonia  is  not  added  in  excess. — In  fact,  the  filtrate  contains  a  double 
salt,  in  which  part  of  the  acid  of  the  iron-salt  is  combined  with  ferrous 
oxide,  the  rest  with  ammonia ;  and  the  ammonia  added  in  excess  cannot 
precipitate  the  ferrous  oxide  which  remains  in  solution,  until  the  latter  is 
converted  into  ferric  oxide  by  exposure  to  the  air. — Grotthuss  {Scliw. 
30,  70)  likewise  found  that  iron  is  not  soluble  in  aqueous  ammonia,  and 
that  it  neither  precipitates  copper  from  a  solution  of  cupric  oxide  in 
ftmmonia,  nor  dissolves  in  that  solution. 

IT.  C'.  AzoPHospiiATE  OF  Ferric  Oxide,  or  Ferric  Azophosphate. 
— ^When  chlorophosphide  of  nitrogen  (11.  474)  is  dissolved  in  alcohol, 
and  potash  or  ammonia  added,  decomposition  instantly  ensues;  and  if  the 
liqoid  be  then  evaporated  to  dryness,  the  residue  ro- dissolved  in  water, 
and  the  solution  neutralized  and  boiled  with  a  f(;rric  salt,  a  white  floccu- 
lent  precipitate  speedily  forms,  having  the  appearance  of  ordinary  ferric 
phosphate,  but  distinguished  from  that  salt  by  being  insoluble  in  dilute 
acids,  and  easily  soluble  in  ammonia. — This  salt  is  the  azophosphate  of 
ferric  oxide. — It  is  immediately  decomposed  by  solution  of  potash, 
azophosphate  of  potash  being  formed,  and  ferric  oxide  remaining  undis- 
solved. Alkaline  carbonates  decompose  it  on  the  application  of  heat. 
When  fused  with  potash,  it  evolves  ammonia,  and  the  fused  mass  rc-dis- 
Bolved  in  acid  and  treated  with  ammonia,  yields  ordinary  ferric  phos- 
phate. Strong  sulphuric  acid  dissolves  it  and  decomposes  it  when 
warmed. — The  salt  when  dried  at  ordinary  temperatures,  or  at  100"^,  has 
a  light  buff  colour;  but  when  heated  to  about  330',  it  suddenly  gives  off 
vapour  of  water  and  ammonia,  and  assumes  a  dark  brown  colour,  while  a 
email  quantity  of  a  white  crystalline  body  sublimes.  The  sublimate  is 
Boluble  in  water  :  the  solution  treated  with  nitrate  of  silver  yields  a 
white  precipitate  which  immediately  changes  to  a  clear  orange-red;  and 
shortly  afterwards  there  is  formed  a  quantity  of  a  black  &\ib^\A.\ic>c^  W^ck- 
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SULPHATE  OF  FERKOUS  OXIDE  AND  AitMONU.  20 1 

tust  be  beated  again,  perliaps  with  tbc  addition  of  a  email  quantity  of 
fEnjiuoiiia;  if  part  only  t'f  the  precipitate  hecomea  crystalliiie»  the  lighter 
ifiakos  must    he   separatcil  hy   levigation    from   tlio   crystiiUiue  laiiiinro. 
I  The  laniiuir,  on  which  the  air  no  longer  exerts  any  oxidising  action,  are 
then   throun   upon  a  filter,  washed  with   thoronghly  hoiled   water,   and 
dried.     No   anmionia  must  be   added    to  the  watcr»   because  it  iunno- 
p_«litttely  induces  oxidation,  so  lljat  hydrated  ferric   oxide  remains  on   the 
llter^  and  the  water  runs  ofl'  brown;  hcnec  also,  in  preparing  tho  salt, 
ire  must  be  taken  nut  to  add  too  uuicli  ammouiu* — Greenish-white,  fJ(d't 
lamina',  whicd),  when  rubbed  on  the  hand,  produce  a  coating  like  t^ilver; 
hey  are  permanent  in  the  air;    the  ^alt  when  heated  in  tlie  air  give.^  oil* 
rater  and  aninioniaj  and  leaves,  first,  greenish  ferrou;?  phoisphate,  amount- 
ing to  77  per  cent — then  yellowish-white  ferric  phosphate.    With  pota.«h- 
olution  it  evolves  ammonia,  and   when   hoiled  therewith,  gives  np  its 
phosphoric  acid»  and  is  converted  into  ferroso-ferric  oxide   having  the 
fonn  of  the  original  lanihue.     Insoluble   in  water,   even   at  the  boiling 
Ijeat,     While  yet  moi^t   it  dissolve^j  readily  in  acids,  even  when  dilute; 
iui  after  drying,   it  dii^iiolvcs  but  sparingly  and  with  diliicnlty,  even  in 
feoncentrate<l  acids,  (Otto^  J,  pr,  Chtm,  2^  4Qi>.) 

Otto. 

NH» _ .......i...       l/*0       ....         917         877 

2FeO , ro-0       ....       3;7tj|  --.-... 

cPO* ^.       71*4       ...       38'31/       ^^"" 

3HO    , 270       ..,.       14-56 

NH*0, 2PcO,  ePO*  +  2Aq....     185*4       ....     100*00 

riiis  composition   is  analogous  to   that  of  pliosphate  of  magnesia  and 
Mnmonia  dried  at  lOO"*.  (Graham.) 

The  greenish  precipitate  which  ammonia  forma  wuth  acid  phosphate 
&f  ferrous  oxide,  re-dissolves  in  excess  of  ammonia.  {A.  VogeL) 

G.  PiiospnATi:  op  Fi:rr!C  Oxide  aki>  Ammonia, — Ferrico-ammonic 
^hosphate, — White  phosphate  of  ferric  oxide  dissolves,  w^ith  a  brown 
olour,  in  atjueons  ammonia^  which  may  afterwards  be  expelled  by  evapo- 
jition.  (Dbbercincr,  Schw.  2G,  2?  1  *) 

If  G'.  Ajumomacal  AzorrrospOATE  op    Ferric    Oxide.  —  Ferric 

[axDpho&phate  (p.  2.'**J)  dissolves  in  ammonia,  forming  a  red  solution  from 

]  which  the  iron-salt  may  he  again  precij»itatcd  by  the  addition  of  an  acid. 

Tbc  ammoniacal  solution  curefnlly  evaporated  over  the  water-bath,  yields 

a  dark  red   maea  very  soluble  in  water,  hut  showing  no  dispot^ition  to 

crystaliijie.     When  treated  with  water,    after  being  perfectly  dried,  it 

[separates   into  two  portions,  the  one  soluble  containing  ammonia,   and 

I  giving  a  characteristic  precipitate  when  treated  with  an  acid — the  other 

ihtiviiJg  the    form  of  micaceous  plates  of  the  colour  of  forncvanide  of 

potae^ium  :    thei^e  iippcar  to  bo  chiefly  sest^uioxide  of  iron.  (Gladstone, 

I  €h€m.  Soc.  Qu.  J.  3,  140.)  IT. 

H.  Sulphate  of  Ferrous  Oxide  and  Ammoxia. — Ferroso-ammonk 

\  Bitlphaie. — ^To  form  this  Fait,  a  solution  of  (>0  pts.  (1  At»)  of  etilphate  of 

Lammonia  and  138  ]>ts.  (1  At.)  of  green  vitriol  is  left  to  crystallize.     On 

ing  c*juaJ  measures  of  the  saturated  solutions  of  green  vitriol  and 

imwoninc,  the   same  salt  likewise  cryslallixes  out  gradually*  while 

proluchloriile  of  iron  and  ammouinm   remains  in  solution.   (A.  Vo^el.^ 

—The  crystals^NH*0,SOHFeO,SO=^+6  A^.  aro  laomorv^^iu^  VwV 
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^yes  up  its  aminonia  when  heated^  but  on  the  addition  of  water,  is  partly 
Tesolved  into  hydrochlorate  of  ammonia  and  hydrated  ferrous  oxide. 
(Faraday.) 

M.  PROTOcnLORiDE  OP  Iron  AND  Ammonium.  —  Ferroso-ammonlc 
Chloride. — By  boiling  iron  filings  with  a  saturated  solution  of  sal- 
alninoDiac  in  a  close  vessel — whereupon  hydrogen  and  ammoniacat  gas  are 
erolyed — and  leaving  the  solution  to  crystallize  by  cooling.  (Hisinger  & 
BerzelioSy  Gilb.  27,  273.) — 2.  By  mixing  saturated  solutions  of  green  vitriol 
and  sal-ammoniac  in  eq^ual  volumes — ^allowing  the  fcrroso-ammonic  sul- 
phate tu  crystallize  out — pouring  off  the  remaining  liquid  and  evaporating 
it  to  the  crystallizing  point — and  separating  the  crystals  mechanically 
from  the  sal-ammoniac  which  crystallizes  out  with  them.  (A.  Vogel,  J,  pr, 
Ckem,  2,  192.) — 3.  An  aqueous  solution  of  1  pt.  protochlorido  of  iron  and 
4  pt8.  sal-ammoniac:,  prepared  hot  and  filtered,  is  set  aside  for  24  hours  in 
a  closed  vessel — and  the  resulting  crystals  dried  as  quickly  as  possible, 
and  kept  in  stoppered  bottles.  (Winckler,  Repert,  59, 171.) — Prepared  by 
(I):  bluish-green  crystals,  which,  when  exposed  to  the  air,  become  covered 
with  hydrated  ferric  oxide,  and  whose  aqueous  solution  is  not  precipitated 
by  ammonia,  unless  the  air  has  access  to  it.  (Hisinger  &  Berzelius.) — 
Dj  (2):  lemon-yellow,  transparent  octohedrons  which  neither  deliquesce 
nor  effloresce  in  the  air — give  oft'  sal-anmioniac  when  heated — and  are 
eaeily  soluble  in  water,  but  not  in  alcohol.  (A.  Vogel.) — By  (3):  trans- 
parent and  colourless  rhombohedrons,  which  have  a  sharp  saline  and 
afterwards  astringent  taste,  contain  11*2  per  cent,  of  ferrous  chloride, 
tarn  yellowish  in  the  air,  and  are  easily  soluble  in  water.  (Winckler.) 

N.  Ammonio- SESQUICHLORIDE  OF  Iron.  —  Scsquichlorldc  of  iron 
slowly  absorbs  ammouiacal  gas  at  ordinary  tem])eratures,  producing  a 
■light  disengagement  of  heat,  but  without  alteration  of  external  appear- 
ance. Part  of  the  compound  volatilizes  undecomposed  when  heated;  the 
rest  leaves  protochloride  of  iron.  It  deliquesces  in  the  air,  but  less 
quickly  than  pure  sesquichloride  of  iron.  When  thrown  into  water  in 
considerable  quantities,  it  dissolves  with  a  hissing  noise;  the  solution  is 
dark  red  and  tiansparent.  (H.  Rose,  Fogg,  24,  302.) 

II.  Rose. 

NIP 17-0      ....        9-59        9 

Fe=Cl3  160-2       ....       90-41         91 

NllMVCP 177-2       ....     100-00        ZZ       lOcT 

O.  SESQUicnLORiDE  OF  I  RON  AND  Ammonium. — Fei'rko-avimomc 
Chloride, — 1.  A  solution  of  sal-ammoniac  in  a  large  excess  of  ferric 
hydrochlorate,  when  evaporated  over  oil  of  vitriol  within  a  receiver  con- 
taining air,  yields  garnet-coloured  crystals  belonging  to  the  oblique 
prismatic  system,  which  may  easily  be  mistaken  for  regular  octohedrons; 
they  are  not  decomposed  by  water  like  the  corresponding  compound  of 
cbloridc  of  potassium.  (Fritzsche,  J,  7);*.  C/tfvi.  18,  484.^ — 2.  By  slowly 
evaporating  a  mixture  of  this  nature,  the  author  obtained  very  deli- 
quescent rectangular  octohedrons,  having  two  of  the  basic  edges  and  four 
of  the  basic  angles  truncated. 

Fritzsche. 

2NH< 36       ....       12-63 

2Fc 54       ....       18-95         19*47 

5C1 177       ....       62-10        61-66 

2110 18       ....         6-32 

~2NH*Cl  +  Fe2CP  +  2Aq.         285       ....     lOO'OO  ~" 
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ciressions  froiii  tlie  nalb;  more  fusible  than  iron*     Oxldizea  in  the  air; 
lorvesoes  with  water  and  with  aqueous  acids.  (Gay-Lassac  Si  TJienard,) 

B.  Ferrite  of  Potasit,— 1,  Wlien  liydrate  of  ^votasli  is  fused  in  an 
f)n  crucible,  and  the  whnle  di^r<??fted  in  wiiter  after  coolmg,  a  portion  of 

fcrric  oxide  (ferrous  acid)  h  dissolved  together  with  the  potash.— 
When  reccutlj  precipitated  hydrate  of  ferric  oxido  is  lioiled  for  an 
[lUr  with  istrong^  caustic  potash,  a  very  pale  yellow  liquid  is  obtained 
trtitainbg  a  tsmall  portion  of  fi5rric  oxide.  (Chodnew,  J^  pi\  Chtnu 
%  22L)" 

C.  Ferrate  of  Potash. — Bccqnorcd   {Ann,   Chlm,  Fh^s,   51,  105) 
|»lind  that  ferric  oxide  ignited  in  a  silver  crucible  with  from  4  to  (>  times 

weight  of  potash -hydrate  J  di-ssolved  in  the  pota^h^  but  wa^  separated 
iin,  with  evolution  of  oxygen^  whou  the  potash  was  disi5olvc<l  in  water; 
Us  escape  of  oxygen  was  attributed  by  Becqucrol  to  the  pres^enee,  not  of 
ferric  acid  but  of  peroxide  of  pota^^aiuui.-^Feri'ate  of  potasli  is  formed 
^lien  iron  or  ferric  oxide  h  ho;itod   to  redne.^is  with  nitro  or  peroxide  of 
attLssium,  or^if  air  has  accesa  to  the  mixture — with  hydnito  of  potaHh. 
ts  also  produced  by  the  action  of  chlorine  on   fcrrie  oxide  dilluscd 
Dtagh  a  strong    solution  of  potash  (Freniy,  */,  Pharm.  27,  £>7;  aleo 
P,  pr.  Chtm,  26^   108);  aud  by  galvanic  action.     TT  The   existence  of 
ilTic  acid  appears  t**  have  been  known  to  Stahljwbo  observed  that  when 
on  \b  calcined  with  nitre  and  the  mass  digested  in  water,  the  eaastic 
Ikali  produced  by  the  calcination  of  the  uiire  takea  up  part  of  tlie  iron, 
{»rnung  an  aniethyst  or  purple  solution ;  ako,  tbat  if  a  very  dilute  .sohitioa 
"  iron  in   nitric  acid  be   poured  by  8mall  portions  at  a  time  into  very 
rong  caastic  potiu^h  and  the  liquid   agitated^  the  iron  dissolves  and 
ciparts  a  bloodred  colour  to  the  liquid. — Sabsequentlyj  Eckeberg(A'o«7?* 
feUmk.  JIandl.  1802,  p.  08;  also  Schen  J.  !>,  607)  on  fusing  gadoliiiitQ 
Jfllb  caustic  potash,  obtained  au  alkaline  solution  which  had  a  dark  red 
colour  and  deposited  a  brick-red  conipoLiud  of  iron  and  hine.     Aud  in  a 
note  he  adds  that  the  red  colour  is  not  due  to  manganese,  for  even  iron 
lone  can    dissolve   in  caustic  potash   and   produce   the   most  beatitifnl 
irple  colour*  juovided  it  has  been  previously  roasted.    (*/.  pr,   Chemm 
12^  448;  comp.  Kopp,  Geaehkkte  iL  Chan,  1^  l!J2J  H 

Preparation  of  (he  drjf  salt. — 1.  By  igniting  ferric  oxide  very  strongly 

or  some  minutes  with  nitre  and  hydrate  of  potisli.     If  tlio  heat  is  too 

»w,  nitrite  of  pota4«h  remains  undeeomposed,  and  then,  on  the  addition  of 

rater,  reduces  tbc  ferric  acid  to  the  state  of  scsquioxiile.  (Fremy,)— A 

aixtare  of  1  purt  of  linely  pulverized  ferric  oxide  find  4  parts  of  nitre  is 

introduced  into  a  crucible  capable  of  containing  double  the  quantity;  tlxo 

^ovcr  luted  on  tight,  but  in  «uch  a  manner  as  to  leave  an  exit  for  the  gas; 

■Mid  the  niixturo  heated — for  an  hour  if  the  quantity  is  G  ounces,  fur  a. 

mLorter  time  if  it   bo   smaller — ^to  a   bright    red    heat,   but  not  higher, 

wDenham  Smithy  PhiL  Mtjf/,  J.  23,  21?,)- — 2*    By  igniting  iron-tilings 

■Vith  nitre,  (Fremy.) — An  intimate  mixture  of  1  pt.  Jinely  divided  iron 

and  2  pts,  dry  nitre  h  introduced  into  a  capacious  crucible  kept  at  a  dull 

red  heat,  and  the  crucible  removed  from  the  furnace  as  soon  as  the 

mixture  l^egins  to  dellagrato  and  form  a  white  cluud,  an  effect  which 

"  Dgins  at  one  point  and  quickly  extend*?  througin»ut  the  whole  mass.     If 

he  temperature  is  too   high,  the  compMund   ia  dccomp  liscd  a^  soon  as 

onned.  (H.  Tronimsdorff,  iV.  Br.  Arc/i.  2J),  104.)     If  the  crucible  is  too 

Ikot,  the  nitre  fui>cs  without  dedagrating.    The  ina^i^  m»i^t  iUcM  Vjvi  ^t^^ix^^ 
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Id  to  an  iron  mortar  and  again  introclnced  into  the  crucible 
The  crucible  ehrtuld  therefore  be  hented  eo  aa  to  exbibtt  percepttl 
redness  only  at  tho  bottom  and  a  few  incLes  above,  and  the  lutxI&P 
lihonld  be  thrown  into  the  middle  and  somewhat  to  the  eide:  thi"  defla* 
gration — which  is  unattended  with  danger — then  takes  place  in 
seeonds  with  a  bright  glow  and  intumescence  of  the  mass.  The  era 
removed  from  the  fire  eilber  during  or  immediately  after  the  detlag 
and  the  soft,  somewhat  friable  moj^i^  taken  out  with  an  iron  f.poon, 
however,  ferrate  of  potash  thus  obtained  ia  contaminated  with  nitrifli 
the  red  solution  which  it  forms  in  water  quickly  lo^es  its  colour.  (Wi  " 
enroder,  J^*  Br,  Arch,  33,  41,)^ — 3,  By  igniting  ferric  oxide  for  a  cott 
derable  time  with  hydrate  of  pota»h,  (Fremy.) — The  njil-browo 
reddish,  higbly  deliquescent  nia^s  thus  obtained  in  ijuickly  pul ? eriiedi I 
pre«€rved  in  dry,  well-stopixd  bottles. 

Aqjieoui  Ferrate  of  Potoih — 1.  Formed  by  diflsolrinc:  the  dry  «iit 
cold  water.  Since  the  act  of  solution  is  iittended  with  evolution  <if  Ira 
by  which  a  portion  of  the  ealt  is  decom[>o^ed,  it  is  neceseaiy  to  uao  id 
cold  water;  there  is  always,  however^  a  nlii^lit  evtdtition  of  oxvjr^a 
probably  arising  frtim  peroxide  of  potassium^  The  solution  inii5t 
aeparated  from  the  undissolved  portion  by  subsidence  antl  dc^cajitattOB^ 
not  by  filtering.  (D,  Smith,) — 2.  By  piussing  chlorine  }^i\s  through  a  very 
strong  solution  of  potash  in  which  ferric  oxide  is  diffused,  till  the  oxiilf 
dissolves  and  forms  a  red  solution.  (Fremy,)  When  5  parts  f>f  hydr»tr«i 
ferric  oxide*  recently  precipitated  and  dried  between  bibulotw  pajfr, 
10  pnrts  i)f  hydrate  of  potash,  and  10  of  water  are  used,  and  chlorine 
rapidly  ptmseJ  through  the  eolutiou,  the  oxide  quickly  diesulve*  in  the 
liquid,  wliich  gmdually  rises  in  temperature^  and  deposit*  chlorate  wf 
potash  on  cowling;  if  too  much  water  or  too  much  ferric  hydrate  le  lued, 
the  liquid  remains  eolourles!^.  (Wackeoroder*)  The  chlorine  must  not  b« 
in  excess,  otherwise  it  will  decompose  the  ealt.  (H.  Uo«?e.) — -*?.  Poeif^ii- 
dorffs  process  consists  in  passing  the  positive  electricity  of  a  si  impair 
Grove's  battery  (I.  422)  for  24  hours,  through  an  electrode  of  Kn^liiii 
east  iron,  into  a  solution  of  caustic  potash  concentrated  ae  much  u 
possible  and  mirrounded  with  ice;  in  that  solution  there  is  likcwi^ 
immersed  a  cliiy  cylinder  filled  with  caustic  potash,  and  the  negative 
electricity  is  conducted  into  the  latter  liouid  by  mesms  of  a  plnfTtiim 
plute.  If  a  more  dilute  solution  of  potash  is  used,  the  rcsuUiti 
tion  is  less  peiTiianent.  No  oxygon  gas  is  evolved  on  the  n 
excepting  ju*t  at  the  beginning  of  the  action  or  a  little  after; 
current  bo  long  continued^  microscopical  crystals  of  ferrate  of  potatla  . 
deposited  on  this  )>lato;  a  small  quantity  uf  iron  coUecU  on  the  pUtiDani 
plate.  (H.  Rose,  Pufni^  ^^^^  315.) 

Aqueous  ferrate  of  potiisii  is  of  a  deep  amethyst  red  c»r  cherry ^ivd 
cxilour,  und  pervicms  to  light  only  when  in  very  thin  etrata. — Tl*^      u*i.  ♦. 
when  left  tu  stand  for  somo  time,  los€Ss  it^  colour,  gives  off  o\ 
and  yields  a  precipitate  of  hydraled  ferric  oxide,  the  decouipoaitiuu  \ 
place   the  more   quickly  as  the   solution   is  warmer  anci  more   «! 
(Fremy.)     The  concentrated  solution  obtained  by  (2),  if  koj  i 
vestfcls,  does  not  decompose  cumplctely,  even  iu  the  course  ^ 
month)*,  but  leaves  a  red  residue  when  evaporated.  (D.  Smith.)     . 
the  dec^lorizatiou  is  in*^tantancous.   (Fremy.)     The  conrr^ntmtcMl 
ohtained  by  (3)  su*.tiiins  a  boiling  heat  without  deoonn 
vards  de]>osit«  ferric  oxido  more  ijuickly  than  if  it  had  . 
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is  altogether  more   permanent  than  that  obtained  by  (^)j   ret^ilns  its 

deep  re<l-colonr  for  luonlbs,  and  deposka  but  littlts  ferric  oxide  all  the 

while*     Ddutiuii  with  varioii.'^  potaj?b  ami  tioda-sjilta  produces  lesjj  tendency 

^Lio  decomposition  tban  dilutitm    with  pure   water.     When  the  solution, 

^nf ter  long  standi  n;a:»  has  deposited  all  its  ferric  oxide^  it  ei  hi  bits  a  green 

■  colour,  arising  from  manganate  of  potash  formed  from  niangjincac  contained 

Bin  the  Ciiat-irun.  (H.  Rose.) — Sulphnric  or  nitric  acid  forms  a  double  salt 

Hof  ferric  oxide  and  potash,  with  liberation  of  oxygon  gas  (Frcmy);  liydro- 

^^chlarie   acid  likewise   forms  a  double  salt,  with   evolution   of  ehforine 

(D.  Smith);  a  smaller  quantity  of  neitl  eau,ycs  a  precipitation  of  ferric 

I  oxide  (Frcmy).     With  jsinc-salte  the  solution  evolves  oxygen;  from  man- 
Itauedo  and  nickel-saltR  it  precipittites  the  peroxides.    (Smith.)     Other 
teifcvy  metallic  gaits  and  alum  likewise  decolorize  the  liquid,   the  base 
lacing  precipititteii  together  with  ferric  oxide.  {Wackenroder.}^ — The  com- 
pound is  t^uickly  douomposed  l>y  de-oxidizing  agents.     Sulphurous  acid 
lomis  i^ulpbatc  of  pot'if'k  and  precipitates  ferric  oxide,  (H.  Rose)     Sul- 
phurettctl  hydrogen  colours  the  solution  (2)  dark  green  by  forming  sul- 
phide of  iron  (Wackenroder);  the  concoiitrated  solution  (3)  is  converted  by 
ihe  same  reagent  into  a  bi-ick  niues,  ivhich  forms  a  deep  green  liquid  with 
large  quantity  of  water,  (H.  Hose.) — Ammonia  and  all  ammoniucal  isalts 
ompo^^e  the  ctmipound,  becau.?u  the  ammonia  which  is  evolved  reduces 
ferric  ncid  to  ferric  oxide,    (Wackenroder,  H,  Rose.) — All  organio 
[eubbtanres  act  in  the  same  manner;  hence  the  solution  cannot  be  filtered 
[thruugli  paj>cr  (Fremy.)     Oxalic  acid  mixed  with  the  soluiiou  gives  off 
Vcarbonic  acid  and  oxygen  gas.  (D.  Smith.)     Alkaline  racemates,  tartrates, 
lan<l  malateij   quickly  decolorixe  the  liquid,   without  precipitating  ferric 
[oxide;  alkaline  citrates  act  very  slowly  and  occasion  a  precipitation   of 
ric  oxide*    Oxalate,  acetate,  formiate,  and  benstoate  of  potash  decolorize 
liquid  as  slowly  as  the  inorganic  saltf^  of  potash ;  and  succinate  of 
ftcts   still    more   slowly.     Alcohol   (with  formation  of  aldehyde, 

^.^ Jlily)  sugar,  and  w^hite  of  egg,  decoloriKe  it  quickly,  the  former 

Hifrinii  the  latter  without,  precipitation  of  ferric  oxide.  (H,  Hose.)     Ferro- 
■  cyanide  of  pota^Jsium  likcwifjo  exerts  a  decolorizing  action.   (Wackeu* 
rodcr.) 

The  solution  (1)  if  boiled  till  completely  deeolori zed  evolves  25'67pts» 

oxygen  gas   for  every  100  pts.  of  precipitated  ferric  oxide.     [This  is 

I  e«|uivalent  to   1001  pta.   (not  quite  li  At.)  oxygen  to  39  pts.  (^  At.) 

I  lerrio  oxide.]    Since  the  liquid  can  only  be  separated  from  the  undis.*olved 

uxide  by  dccautation,  it  is  posijiblo  that  some  portion  of  the  oxide  still 

1  remained  suspended  iu  it,  in  which  case,  the  proportion  of  oxygen  to  the 

ferric  oxide  would  come  out  too  smalL     On  the  supposition  tliat  ferric 

ftC'id  is  FeO^  12  pts.  of  oxygen  j^hould  be  ovolvc<l  for  every  39  pts.  of 

ferric  oxide.  (D.  Smith.)— By  passing  sulpluirous  acid  ga«  through  the 

»tdutiou  (:l)  till  the  colour  is  destroyed,  and  determiuino;  the  «|uantity  of 

ferric  oxide  precipitated  and  sulphuric  acid  produced  (by  supersaturating 

lhe|ii  It  rate  with  hydrochloric  acid  and  precipitating  with  chloride  of  barium) 

340'*<  pts.  (3  At.)   of  sulphate  of  baryta  were  foun*!   to  corres[)ond,  in 

difierent  exj>eriiuents,  to  the  following  quantities  of  ferric  oxide:  73' I; 

7«'3;  8l'i1;  therefore  approximately  78  pts.  (1  At.)     Hence  ferric  acid^r 

FcO^;  and  when   it  is  dccomposetl  by  sulphurnus  acid,  3  At  suli>huric 

I  produced  for  each  atom  of  ferric  oxide.  (H»  Ro«o.) 

2FcO:'  +  3S0=  =  Ft-0»  +  3S0». 

When  1  pt.  ferric  oxide  is  ignited  as  above  (p.  265)  w'il\iOTA^^^\»^tis\x^\.^ 


(GnttkM,  &far.  M,  H.) 


EL  BosiPE  or  Isoar  asd  Fat, 
at  mwbite  kcat,  mod  Jbota 
iMtWjy  co^dacte  efacUkUf, 
witk  hjdfocldofie  acid,  jkUs 


F.  Sn-PHnys  or  laos  jen»  PoTAanrH.- 
■MNiT  is  ignited  with  iTOB,  carbcaale  cf  ; 
fuible  filag  is  obtained.  (Berthier.) 

L  Iron  filings  placed  in  contact  with  eolation  of  potaMie  Vmt  d 
Bolphnr,  turn  black  and  impart  a  green  eolonr  to  the  liquid.  ( YaaqMliBi) 

€,  The  concentrated  solution  of  ferrate  of  potash  obtained  hj  (S)  ii 
eonrerted  by  sulpLuretted  h  vdrogen  into  a  black  man  probablj  eonmtiig 
of  KSyFeS-^;  this  fcrms  a  dark  green  liquid  with  water,  which  remains  gim 
even  when  very  much  diluted.  The  solution  remiuns  permanent  in  the  ur 
for  a  long  time.  Continued  boiling  decomposes  the  concentrated  lolatifli^ 
with  separation  of  :<ulpbide  of  iron;  the  dilute  solution  undergoes  ■• 
alteration,  excepting  that  it  acquires  a  transient  brown  tint  every  time  it 
is  heated.  (H.  Kose,  7^^.  50,  320.) 

G.  SuLi'iiATi:  OF  Ferrous  Oxide  and  Potash. — Femmhpoimric 
^W/>/ia/^.—KO,SOHFeO,SO»  + 6  Aq.— Formed  by  dissolvini^  iton-fiUmi 
in  a  warm  aqueous  solution  of  bisulphatc  of  potash.  Greenish  ciyBtah^ 
which  have  the  form  of  sulphate  of  magnesia  and  ammonia»  refrnet  l^kl 
doubly,  have  a  rough  taste,  and  fall  to  pieces  when  exposed  to  the  ur. 
(Link,  Creii.  Ann.  179G,  1,  30;  Mitscherlich;  Brewster,  Sdkw.  SS,  344) 

II.  St'LriiATE^  OF  Ferric  Oxide  and  Potash.  —  Ferrteo-pekum 
Sulphate,  —  a.  Yellow  Iron-^re,  Ochre-yellow,  homogeneous,  BUMivt 
plut<H;  hi),  fir.  2*78...21>;  fracture  varying  from  flatly  conchoidal  to 
earthy.  When  heated,  it  turns  red,  evolves  water  and  afterwards  sal- 
i)liurouM  acid;  ^'Ivch  up  nothing  to  boiling  water;  slightly  solahle  m 
>*vdrocbIoric  acid,  more  readily  in  aqiia-regia.  (Rammcubeig^  P'Viy*  A 


FET?nTCO-POTASSlC  SULPHATE. 


26l» 


KO 47-2 

CiiO. 

iFeHP 3120 

[6B0» 200'0 

^HO    ., ,,„ 810 


YtUow  Irtm-i^re^  from  Kolostnik.        EammeUberg. 


1 0,  SO^  +  4  (Fe'0»,  SO^)  +  9  Aq,       640'2 


7-37 

4873 
31-26 
12-65 

ToooiT 


7'88 

0-64 

46-74 

32-11 

13*56 


100-93 


6.  Remains  in  the  form  of  a  pale  yellow  powder  when  tlie  salt  c  ia 
treated  with  hot  water.  (Anthon,) 
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41-4 
35'0 
15-0 


KO,Sa»  +  3(^Fe2C>»,3SO»)  +  18A<i.     1U77'2 


100-00 


luw-O 


c.  Formed  hy  acMirig  potash  to  a  solution  of  potn^h-iron-alam  till  a 
ipennanent  preripitatc  he^^ins  to  form — or  riither  by  addiut^  a  small  or 
fqaantity  of  i>otasb,  m  that  a  considerable  «.]uaiitity  uf  iron-alum  luaj 
remain  undecomposod — and  leaving  the  dark  liquid  to  ev^aporate  freely  in 
a  sliallow  dish. — Yellowish-brown,  trao  a  parent,  retjuhir  gix-sided  jjriijini*, 
shortened  into  tables  ;  wbeu  lieated,  they  give  otl  their  water  of  crystal- 
lization, but  retain  their  form.  Their  solution  in  cold  water,  6  purts  of 
wLicli  are  required  to  dissolve  tiiem,  is  soon  decomposed — unless  it  likewise 
contains  pota^sh-iron-alum — into  precipitated  di^^ulpbate  of  ferric  oxide, 
and  iron-aluui  which  remains  in  8<dutiou.  (Man.'?,  Pog<j.  U,  78.) — The 
same  salt  hits  been  accideut^lly  obtained  iu  the  preparation  of  iron-aium  : 
1*  A  solution  of  78  pts.  ferric  oxide,  147  oil  of  vitriol,  aud  87"2  sulphate 
of  potaah,  deposited— partly  during  concent nition — ^dark  brown  crystal' 
line  crust.*,  which  gave  off  Tvater  and  assumed  a  red  brown  colour  at  a 
temperature  below  redness,  and  evolved  sulphuric  acid  at  a  white  heat, 
leaving  a  residue  of  ferric  oxide  mixed  with  sulphate  of  potash.  The  salt 
disftolvc.^  in  12  7 5  parts  of  water  at  10'';  but,  when  heated  with  water,  it 
is  rej?olved  into  salt  h^  and  a  red-brown  aolutiouy  which  deposits,  on  evapo- 
ration, 6rst  the  ealt  c  and  then  iron-alum.  (Authon,  Repert,  70,  301.) — 
2.  If  a  boiling  solution  of  fiul(>bate  of  potash  be  added  to  an  over-concen- 
truted  solution  of  ferric  flulpliatc,  a  small,  green iish-ycllow,  crystalline 
precipitate  is  produced,  liaving^  the  composition  given  below;  after  several 
days'  standing,  however,  it  disappears  attain,  with  fijrniation  of  iron-alum, 
i  Also,  when  crystalHzed  iron-aluni  is  dissolved  in  a  small  quantity  of  hot 
er,  the  greeniish-yellow  salt  is  deposited  first.  (W,  Richter,  iV.  Bi\ 
|f«^.  23,  31(J0 

2KO 94-4 

[ifmO^ ,.,....      78-0 

J480* 160-0 

tnO 54-0  

2(KO.SO»)-rPeW.280'-«-6Aq.     380-4     ...  lOO'OO     ...  100  0     ...     W7     ...  1000 

I  d.  When  carbonate  f*f  potash  is  a*lded,  with  agitation,  to  an  aqueous 
solution  of  tersulphate  of  potash,  as  long  as  no  pennarieut  prediritate  is 
formed,  ami  the  dark  brown  liquid  (which  becomes  turidd  when  tiltercd 
as  well  as  when  heated)  i^  nnxed  with  a  large  excess  of  alcohol,  a  light 
reddish-yellow  precipitate  is  forme*!,  which  must  l>o  wasWvV  Vv\X\  ^^^A\^* 
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ftlnuBft.    '^*.  E*i:i^E.  P'^j^j.  >-5.  :?oi. 

Bcnlar    '.«..ci?^£r.c*.       Pxle    Ti.tiet.     (RSrkti 
Coloarietf.  *<».rilrz  to  -irli^r  ii^b.-rrti*?*. 

Irr/o-al^s.  «Li»i:  exy^ii-^^  :•:  tii«?  lir.  Iweoces  dovlj  coTCfed  witli  a 
wbiu^  y.W'U.T.  '  -.v.  E:.rL:^r.  Is  f  «se*  in  it*  vmter  of  cffrstmlliatM^ 
ftft^nrarfiy  ^ri'^^  'i^  it?  v^:,?r.  and  is  e>^Qrerte^  is  to  b  Trilowidi-wkilB^ 
fp/Dsj  ir.ft.'v  re^a:lii=z  I  cm:  al:ic3.  When  renr  etioiigiT  ignited,  it 
foMr*,  flriv'«^  off  24*4  p^r  cicDt.  «T  sulpbiiric  ftcid.  bdJ  Uftrei  a  nixtnR  d 
l^'l  p.r  cent,  frrric  fxi'Ie  as-i  IT  p.  c.  Kilpbate  of  potash.  (W.  Riditcr, 
Ji^pert.  76f  381.,i  Ir*a-alum  i«  re^'Ired  bv  best  into  die  mlt  e,  tcnfl- 
pLate  of  ferric  oxi-i*-,  a.::-!  fr»>?  snlphunc  aciJ. 

2'KO,5CH-rft^O=.3SO=    =  :>  kO.SCF; -FeW,2SO»: +  reH)=,3S0»  +  S0». 

WliCTi.  tlicrrf.rf:'.  pulverize**!  iroD-alum  us  diieil  over  oil  of  Titriol  betwwi 
CO  aii'i  100  .  it  tir.Tt  fRromcs  mt^i^t  and  then  leaves  a  brownisb-TcUov 
yfWtU:T,  which,  if  treated  with  water,  will  perhap*  yield  a  few  non 
c»rtohc*lroiir;  l»iit  the.-o  are  pn^ably  reproduced  alum.  (Heinti.)  Whfa 
iron  alum  i-^  <ii>-oIvrMl  in  a  t^mall  quantity  of  bot  water,  the  greciu.<»b- 
yi-IIow  Kilt  r  In  likcwi*o  de]H»aite«l  at  tircit.  liut  it  is  ftfterwardff  reeoovtitcd 
into  ulinii  an<l  redif-Aolvcd.  (Uichter.)  Irou-alam  dissolves  in  5  pnittfti 
rat  12*5  .  (Authon.) 
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CfryHaUized. 

KO 47-2     ...      9-42 

Fe«0» 780    ...     16-66 

480^   1600     ...     31-92 

24HO 2160     ...     43-10 


AnihoiL 

Rieliter. 

9-2     .. 

.     10-3 

151     .. 

.     14-9 

82-2     .. 

.     80-9 

43-5     .. 

.     43-5 

KO,803  +  Pe=03,3SO»  +  24Aq.     601-2     ...  10000        1000     ...     99*6 

I.  pROTOcnLORiDE  OP  Irox  AND  PoTAssiuM.  —  Fevroso-potassic 
Ck(aride. — When  the  concentrated  solutions  of  the  two  metallic  chlorides 
are  mixed  and  the  mixture  cooled  or  gently  evaporated^  bluish-green, 
hjdrated  crystals  are  obtained.  (Berzelius.) 

K.  Sesquifluoride  of  Iron  and  Potassium. — Fef^rioo-potassie 
Chloride, — A  solution  of  chloride  of  potassium  in  excess  of  ferric  hydro* 
chlorate  evaporated  under  a  bell-jar  over  oil  of  vitriol,  yields  small 
jello wish-red  crystals  belonging  to  the  oblique  prismatic  system.  A  small 
quantity  of  water  extracts  chloride  of  iron  from  them  and  leaves  crystals 
oi  chloride  of  potassium  undissolved,  as  may  be  seen  by  examination  with 
the  microscope.  A  larger  quantity  of  water  dissolves  the  whole;  but  on 
evaporation,  colourless  crystals  of  chloride  of  potassium  separate  out  first, 
and  afterwards  coloured  crystals  of  the  ferrico-potassic  chloride;  and 
at  this  degree  of  concentration,  the  crystals  of  chloride  of  potassium 
re-dis8olve  without  any  warming  or  stirring,  and  are  re-convcrted  into 
crystals  of  ferrico-potassic  chloride.  (Fritzsche,  J.  pr,  Chem.  18,  483.) 


2KC1 
2Fe  ... 
3C1  .. 
2HO 


CryitalUzed, 

Fritzsche. 

149-2     ....       45-57       ... 

44-72 

540     ....       16-41)       ... 

17-17 

106-2     ...       32-44       ... 

31-39 

18-0     ....         5-50 

2KCl,Fe5Cl»  +  2Aq 327-4     ....     10000 

L.  Protofluoride  of  Iron  and  Potassium.  —  Ferroso-potamc 
Fluoride, — KF,FeF. — Precipitated  on  mixing  hydrofluate  of  potash  with 
Biilphato  of  ferrous  oxide.  (Berzelius.) 

M.  Sesquifloride  of  Iron  and  Potassium.  —  Ferrico-potassic 
Fluoride, — a.  Terhusic, — Formed  by  dropping  aqueous  sesquifluoride  of 
iron  into  excels  of  fluoride  of  potassium.— -i.  B (basic, — By  the  contrary 
process. — In  both  cases,  small  colourless  crystals  are  obtained  somewhat 
soluble  in  water,  especially  in  hot  water.  (Berzelius,  Foffff.  4,  129.) 


a.  3KF,Fe2p. 

b,  2KF,Fe2F». 

Berzelius. 

3K 

..     117-6     ....     41-44 

2K 

78-4     ....     34-71       ... 

33-88 

2Fe 

..       540     ....     19-03 

2Fe 

.       54-0     ....     23-90       ... 

24-06 

6F  

,.     112-2     ....     39-53 

5F 

93-5     ....     41-39 

283-8     ....  10000  225-9     ....  10000 


Iron  and  Sodium. 

A.  FsRRiTE  OF  Soda. — ^78  pts.  (1  At.)  of  ferric  oxide  mixed  with 
excess  of  ignited  carbonate  of  soda,  drive  off,  at  a  red-heat,  23- 19  (a  little' 
more  than  1  At.)  carbonic  acid,  and  form  a  difficultly  fusible  mixture. 
This  mixture,  when  cool,  is  livor-coloured — has    a  waxy,  ^u<^Vk»v\^ 
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fnicture — anU  takes  up  carbonic  acid  from  the  air,  becoming  red-brown 
and  dull*  Water  eitlier  hot  or  cold  dbsulvce  out  the  caastic  soil  a 
(togetber  with  the  excess  of  Cfirboaale),  and  leaves  ferric  oxide  free  from 
6oda:  the  latter  is  brown -black  after  drying,  and  dissolves  easily  in  dilate 
hydrochloric  acid,  but  a  small  quantity  of  magnetic  oatidc  (about 
2'1  per  cent,  of  the  ferric  oxide)  ugaally  rcraama  undiBaolred.  (Count 
Schaffgotsch,  Fogg.  43,  117.) 

B.  Carbonate  op  Febric  Oxide  and  Soda* — Analogous  to  carbonate 
of  ferric  oxide  and  potash. 

C.  and  D. — With  BoraSy  ferric  oxide  yields  upon  chare^oal  io  the 
inner  flame,  a  dark  bottle-green  glass,  which,  by  more  complete  reduction 
to  the  state  of  ferrous  oxide,  acquires  a  lighter  bluish^green  colour,  and, 
if  the  quantity  of  iron  is  but  small,  appears  colourless  after  cotiling. 
The  reduction  is  accelerated  by  addition  of  tin»  In  the  outer  flame,  a 
yellowbh-red  glass  i^  prodiiced,  which  on  cooling  liecome^j  yellow  iind 
afterwards  colourless,  if  tlio  quantity  of  ferric  oxide  is  but  small,  b«t 
remains  yellow  if  it  be  larger. — Micracoimic  Salt  behaves  like  borax 
(Berzelius.) 

%  E.  PyROFHospnATE  OF  Ferrofs  Oxide  AND  SoDA. — Ferroso-stxlk 
Pyrophospkute. — Exist.?  only  in  soltition,  and  when  exposed  to  the  alfp 
turns  red  and  yieldw  a  dejiosit*  Suiphuretlcd  hydrogen  colours^  it  browu, 
and  sulphide  of  ammonium  precipitates  it  completely.  (Fersos,  Ann* 
Pharm,  05,  170.) 

F.  PvRornospiiATE  of  Ferric  Oxide  and  Soda* — Ferrleo-iodic 
PyrophmphiHc. — ^Ohtained  by  boiling  pyrophosphate  of  ferric  oxide  witb 
a  quantity  of  pyrophiKsphate  of  soda  not  suthcicnt  to  dissolve  It, 
and  precipitating  witli  alcoliol.  (Fleitmann  &  Heuneberg,  Amu  P/iarm, 
05,  900.)^ — Colourless  and  eiuily  <?oluble.  The  solution  maybe  oraporatcJ 
to  a  Byrupy  consi«tence  wiihout  becoming  turbid;  but  i:t  partially  decom- 
posed thereby,  like  the  alumina-salt.  No  turbidity  or  colour  ^hows  iuclf 
even  after  the  solution  has  been  left  to  evaporate  eponlaneously  for  • 
month.  When  treated  with  (sulphuretted  hydrog<^n,  itiiSiSumes  the  coloor 
of  catechu,  witlinut  yielding  a  deposit  of  sulpliur;  and  on  the  addi- 
tion of  sulphiiie  of  ammonium,  a  deej)  green  colour  is  produccl  A 
precipitate  likewise  appears  after  a  whih%  hut  it  re-dissolves  ou  bciu^ 
washed  anil  yields  a  greenish-brown  solution*  Tbe  formula  of  tliM 
ealt  is  Pno^i,Fe'0*  +  (PO*,2NaO)+^Aq,  (PcrsiJjt),  or  2FeW,3P0H 
2(2NaO,P0')-f  7  Aq.  (Fleitmann  k  Henneberg.)  IT 

FlcitiDAmi  h 
Henoebcrf. 

2Pe*0» 1&6    ,...     22-29        ,..,        2242 

4N»0„ I2i    ..„     1?  ;i 

5rO*. „      357     ....     5100        ....        5M1 

7HO G3    ....      900        ,„.  9-19 

2P«»0*,3PO*  +  2(2Naa,PO*)  +  7Aq.      700     .,..  100*00 

0.  SrumiDK  OF  Iron  and  Sodidm. —  1.  Formed  by  fudng  2  pn^  •  i 
iron  pyrites  with  1  pt.  carbonuto  of  soda. — 2.  By  fusing  salpbide  t»f 
antimony  with  carbonate  uf  Nad  a,  clmrcoiilj  and  irott.^Decp  yellow, 
forms  a  black  paste  vvilh  water.  (Ikrthier.) 
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TB,  Basic  SrtPirATE  of  Ferihc  Oxide  and  Soda, — Furmcd  hy  tlio 

rcftthering  of  imn-pyritos  injectotl  into  alum-skte.     Mas.^ive,  oxbi biting 

*"  eartby  fracture^  and  ykbling  a  lit^bt  yellow  powder;  perfectly  msoluble 

water,  epariiigly  soluble  in  byJrochlonc  acid»  (Tb.  Scheerer,  Poy^, 

^5,  190.) 

Sclieerer- 

KaO., 31-2     .,»      500        ...  5-20 

-iPe^O* ,„.     3120    „„    45"98        ♦...        4963 

SSO* „ 200*0     .,„     3204         ..,.         32'44 

9HQ Bl-0     ».,     12-98        ....         13-11 

NftO,SO'  +  4(Fb203,SCP)  +  9Aq.       624'2     ..,.10000        .„.       100*39 


Irok  and  Bahiitm. 

ly  beating  to  T^biteneea  a  niixtiire  of  iron  and  baryta,  etrontia,  or 
with  orwitboat  cbarcoal^  Gay-Lue^ac  &  Th^nard  did  not  succeed  in 
Wning  tlie  metal  contained  in  either  of  these  alkalis  with  tbe  iron. 

L  Alloy  op  Iron  and  Barium, — Larapadius  {Sclitt.  15,  146)  by 
iting  to  wbiteness  a  mixture  of  1  pt.  baryta  witb  1  pt  of  iron-plato 
^  pt.  chare oal-duat,  obtained  a  metal  whieb,  when  exposed  to  tbe  air, 
on  crumbled  to  pieces^  and  was  converted  into  baryta  and  ferric  oxide.^ 
Triarke  (Gilk  62,  374)  fused  2  pts,  barium  with  1    pt.   iron  before  tho 
oxy-bydrogen  blowpipe,  and  obtained  a  brittle^  lead-coloured  mixture. 

B*  Ferrate  op  Baryta. — Aqueous  ferrate  of  potasli  yields  witk 
Itte  solutions  of  baryta-salts  in  excess,  a  bulky,  deep  carmine -colon  red 
eipitate  which  may  bo  washed  and  afterwards  dried  at  lOO*'  without 
aging  colour,  (D,  Smith.)     The  preeipitate  when  fresh  is  cochineal- 
^ured,  but  after  washing  and  drying,  it  is  rose-coloured  or  brick-red,  and 
And  to  buve  absorbed  a  small  quantity  of  carbonic  acid  from  the  air* 
ckenroder.)     When  carefidly  heated,  it  merely  loses  water  and  tuma 
en;  at  a  higher  temperature,  it  likewise  gives  olf  oxygen  gas  and  loses 
colour.     Before  drying,  it  is  decomposed  by  acids,  even  by  carbonio 
acid, — more  slowly  by  sulphuric  acid  than  by  some  others,  (D.  Smith.) 
Ji^'hen  treated  witn  eulphuric  acid,  it  retains  a  pale  red  colour.  (Wackea- 
ler.) 

Dried  at  100°.  Smith* 

2B*0 153-2     ..,.     56'OS 52S1 

F*rO*.„.. ,        78-0    ....     28-55  31-2e 

aO  »........*» 24*0    ...,       8-78  9'66 

2HO IS'O    ....       6-59  „. 6-33 


2(BiiO,FeO>-f-Aq.)         2732     ....  100  00 


100*00 


C.  Sulphide  op  Ihon  and  Barium* — 10  parts  of  sulphate  of  baryta, 

ed  to  whiteness  in  a  charcoal  crucible  witb  10  pts,  dry  ferrous  sulphate, 

11 '5  pts.   of  metallic  sulphidc,^lberefore  (j2'6  p.  c.  aulphido  of 

luro  to  37 "4  gulphide  of  iron.    After  fusion  it  exliibits  a  close  fracture, 

rk  grey  colotir,  and  metallio  lustre.  (Berthier.) 


r. 
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Iron  and  (jAhcwu, 

Aqueoas  fermte  of  potash  dooe  not  precipitate  the  mlis  of  %t 

lime,  or  nmgEeaia,  (D.  Srnithp) 

A,  HyrornosrnrTE  of  Ferric  Oxide  and  Lime. — An  aqueoiw  aolti- 
tion  of  phosphite  of  lime  Is  ho\hA  for  a  c^jnsidcrable  time  with  exceed  ot 
ferrous  oxalate,  tlie  mixture  left  to  cool  in  a  closed  reseel,  then  quickly 
Bltcred  and  evaporated  in  vacuo  over  oil  of  vitriol. — ^Greenish  crjTHtaUiiio 
erui?t8,  wliicli,  wLea  heated,  give  off  spontaneously  in  flammable  pboa- 
phuretted  livdro^cu  gas,  ContaiuB  31 '37  hypoj»liosphite  of  lime,  44'73 
hypopbo^phite  of  ferrous  oxide,  and  23*90  water.  (H.  Rose,  J^ogg.  12, 294.) 

B.  SuLpniDE  OF  Iron  and  Calcium, — When  20  pt*.  cry«t»liinsl 
gypsum  and  20  dry  ferrous  milpbate  are  heated  to  whitene«  in  * 
charcoal  cruciUc,  17 '23  parte  of  inetallic  sulphide  are  obtititied,  in  tho 
form  of  a  fused,  bliist^red,  whitidh-grey  mass,  having  a  fkiot  metalJw 
lustre.  ( Berth ier.) 

Fltiorspju-  fasea  readily  with  ferric  sulphate;  but  the  mixture  decora* 
poses  immediately  afterwards,  with  evolution  of  sulphuric  aei<L  (BertiucTp 
Ann.  Chim.  I'h^s,  43,  301.) 

Iron  akd  MAONEsiyM. 

A.  Alloy  of  Iron  and  Magnesium, — Magnesia  moistened  with  oil 
and  brought  to  the  melting;  point  bef<jre  the  oxy-hydrogen  blowpipe,  fuw* 
with  iron  into  a  brittle  alloy,  which  exhibits  the  tnotallic  lustw,  «w 
yields  to  the  file.  (Clarke.) 

B.  Carbonate  op  Ferrous  Oxide  and  Magnesia* — MtnUnM^t 
which  has  the  form  of  calc^ar  and  a  density  of  3 '36,  is,  aceordinj  ^ 
Btromeyer,  MgO,CO'^  +  FeO,CO^. 

Carl>onate  of  mairnc^ia  appears  to  render  hydrated  ferric  OJ^* 
^inewhat  soluble  in  water,  (Bischof,  J,  pr.  Chart.  2,  70.) 

C.  Sulphate  op  Ferroso-pebric  Oxide  A?fD  M  aokf^ia. — Bofrf^^^M 
— Hyacinth-red,  oblique  rhombic  prisms ;  sp.  gr,  2,030.     Con  taint  M|^| 
2*22  to  6-71  p.  c,  *!ulphate  of  lime,  20*88  to  17*10  fiiilphate  of  mnjCTif**^ 
35-88  to  39-92  ferroso-ferric  sulphate,  (>"77  to  6*83  hiusip  ferric  fulp*»**'' 
and  28*28  to  31*42  water,  including  loss.  (Berzelius  k  Hnidinge^  P^r 
12,  401.) 

Iron  and  Cerium. 

Oarbidb  op  Iron  and  CERirxM. — A  niixtar©  of  eerie  atiJ  fcff* 
lied  to  whiteness  with  charcoal,  yields  a  preen,  porons,  mip^ 


iile  I 


rhich  appvara  metallic  when  filed,  (Oalm.} 


Iron  axd  Glucikum. 


A.  Alloy  op  Iron  and  Glucixum. — Obtained  by  Sir  11.  ^"^ 
1.  By  heating  to  whiteness  a  mixture  of  gluciua,  iron,  and  pota^i**'"* 
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2.  By  bnogiog  dlightly  moiatened  glucina  inclosed  in  an  atmospbere  of 
Lydrogen  into  the  circuit  of  a  tliousaT^il-]«air  vollaic  battery  witli  doulile 
plates,  the  negative  pole  being  formed  uf  an  iron  wire,  %vbicb  wua  fused 
by  the  action  of  tbe  current, 

B,  CABBit>E  OP  Iron  and  Glucinitm.^ — By  raising  a  mixture  of 
glucina,  iron,  and  lamp-black  to  an  intense  white  beat. ^Whiter  and  Icsa 
ductile  than  iron.  Dissolves  in  acids,  forming  double  salts  of  iron  and 
glucinum*  (Stromeyer,) 


I  Ibon  and  Aluminum, 

A,  Alloy  of  Iron  and  Aluminum.— Prepared  by  Davy  in  tbe  fiame, 
Dtanner  as  tbe  alloy  of  iron  and  glucinum  {method  2). — ^ Whiter  than 
iron.  When  immersed  in  water,  it  causes  eli\irvcsceiice,  and  becomes 
eovered  with  a  white  powder.  Dissolves  in  hydruclUoric  acid,  foraiing  a 
nilxturo  of  hydroehlorate  of  ferrous  oxide  and  bjdrochlwrate  of  alumina. 

B,  Aluminatb  op  Ferrous  Oxide, — ^eihnite. — SpiueUe  (III.,  328) 
in  which  part  of  tho  magnesia  is  replaced  by  ferrous  oxide. — ^  Black  octo- 
hedroDS  (Fii/^.  2  and  6),  Sp.  gr.  from  3'G  to  38.  llanler  than  qoaitz  j 
translucent  or  opa<|ue;  yi«^lds  a  greyi-^b-greon  powder.  Doe«  not  fuse 
before  tbe  blowpipe,  hut  dissolvea  in  bomx  or  in  microcosmic  salt,  forming 
a  glass  coloured  by  iron,  and  flcareely  acted  upon  by  acids. 


Abich. 


At. 
M«0 ...  2 

FeO  ..  1 
AH>»  3 
SiO*... 


Zeilanile. 

40-0  ...  17-45 

350  ._  15*27 

154*2  ..«  67*28 


Ural. 
17*58 
13-d7 
65-27 
250 


licnricsc. 
.   17*70  .. 
.  19*29  ., 
..  59*66  „ 
.     1*79  .. 


At. 
9- 
1  . 

10, 


180 

35 

514 


Abich . 

Ttsutin*. 

24-69  ....  25*94 

4-80  ..„     5H)6 

70-51  »„  67-46 

....     2-38 


229*2  ...lOO'OO  ....  99-32  ..,.  98-44 


729    .  .100*00  ...JOO  84 


Addendum.  —  CMorospineUe^  from  Slatoust, — Regular  octohedrons; 
fp,  gr.  3*593;  hardneas  equal  to  that  of  topa2.  Translucent  at  the  edges, 
grass-green,  yield  in  ^^  a  grepsh-green  powder;  assumes  a  tmnaient  brown- 
isb-green  colour  when  heated.  Infufliblo  before  the  blowpipe;  fuses  witb 
cnrbonate  of  soda  to  a  greyish- white  mass;  in  the  slate  of  powder,  it  die- 
I  «otY8e  readily  in  borax  i»r  in  niicrocofimiq  salt,  forming  a  green  glass, 
colourless  after  cooling.  It  may  be  regarded  as  ^pinelle,  MgO,AFO^,  in 
which  part  of  the  alumina  is  replaced  by  ferric  oxide,  as  ia  the  casej 
thougbp  to  a  Binaller  extent^  in  tho  Zeibnite  from  Iserwiese.  (G.  Rose^ 
Poijg,  50,  652. 


At, 

Chhrotpinelk. 

G.  Rose. 

At. 

G.Roae 

££- 

* 

...     0-27 

■Bu*  12   . 

.  2400  ..,.  27*17  . 

...  26-77     . 

,.     7     . 

.     140-0  ... 

.     26-60  .. 

..     27*49 

w&.     . 

u 

...     0-27     .. 

^ 

.M.        0-52 

W0»       1  .. 

.     78*0  S     8*83  . 

...     8-70     , 

".!     1     .. 

*.!       78-0  Z. 

.     14*82  . 

..     14  77 

.AK»»     U  .. 

.  565-4  ....  6400  . 

...  64  13     . 

..     6     .. 

.     308*4  ... 

.     58*58  . 

,.     57*34 

ft83-4  ....lOO'OO  ....100*14 


526*4 


10002 


100*12 


IT  Ebebnen,  by  exposing  a  mixture  of  3*30  pt«,  alumina^  2*57 
fenic  oxide,  and  2*50  boracic  acid,  to  tho  heat  of  a  pottery  furnace, 
obtaiiied  a  m^B,  the  whole  surface  of  which  was  covered  with  iutersectlw^ 
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lisflit  Itrown,  transjiarenl  or  trartebicent  laniinm ;  they  wore  liard  enooj^U  to 
ecratcli  quartz.  The  cnrapound  Ar'0\FeO  litis  lately  Ih^h  dUoovere^  l»y 
Lippe,  and  named  Menclniie,  (Ann.  Pkarm,  08,  26G.)  % 

C.  Carbide  of  Iron  and  Alimimim, — ^Formed  by  rabiog  an  inli- 
mate  iriixtore  of  alumina  and  curbitle  of  iron  d,  (p.  21 D)  to  au  iDteoae 
white  heat — Yery  brittle  and  white;  yields  by  analysis,  6*4  p.  c  aiomini. 
When  fused  with  1 5  parts  of  stdclj  it  forms  au  alloy  resemblmg  Indtiii 
steel.  (Faraday  &  Stodart) 

B.  SuiPUATE  OP  Alumina  and  Ferrous  Oxide. ^-<i*  A  spretitl 
Featlier'salt^ — Formed  by  the  weathering  of  iron-pyritea  diffused  Uiroi^ 
flla-te-clay  in  the  abandoned  mines  of  Hurlet  and  Carapsic. — Asbestu/^l' 
mass,  consisting  of  colourless,  silky  fibres,  which  turn  brown  id  moisl  i 
are  easily  soluhlo  in  water,  on  the  evaporation  of  which,  crystals  of 
green  vitriol  separate  out,  the  alumina  remaining  in  the  molher-liquid. 
(Phillips,  Ann.  FkiL  21,  440.) 
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507         M 5-2 
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42-63        43i 


6FeO „ ..,„  210-0 

Al^m. ^..,.. 51-4 
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4BH0    „,. , 4320 


eCFeO,  SO»)  +  Al-05,2SO=  +  48  Aq-     1013'4 


100-00 


100-0 


h.  Another  kind  a/ Feather *BaXt — White,  silky,  asbestus-like  handlef 
of  fibres,  which  have  a  styptic  tast<»,  give  off  water  when  gentij  hetUd, 
fuse  readily,  and  dissolve  perfectly  in  water,  forming  a  colourleaa  soliitiiHL 
Orit^fin  unknown.  ( Berth ler,  Schw.  33,  472.) — A  similar  €Oinpo«itio>Q  b 
that  of  Mounlain-butta%  which  occurs  at  Wctzeleteir  near  SaalfeU  b 
whitOj  botrymoua,  and  kidiiey-«haped  masses,  (Brandes,  5c^.  39j  417*) 
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(?»  Anotke)'  kind  of  Feuifitr-salt^  corresponding  in  composition  to  alo 
From  the  quicksilver  mine  at  Morsfeld.  Yellowish -white,  ^ilkT  na  . 
consistiag  of  eoft  parallel  fibres,  (Ramnielsberg,  Pop^^  43,  S»9.) — 1^ 
same  salt  is  obtained  artificially  by  mixing  the  solutions  of  groeu  ritiiJ 
and  sulphate  of  alumina  with  a  Inrge  excels  of  sulphuric  acid.  TIm  nis^ 
tuie,  when  put  into  a  porcelain  hagin  with  rough  siJe^^  and  left  to  ««^^ 
rate  in  a  warm  phice,  efflorcocea  in  long,  tiilky  threads^  united  in  h(Ui<Mi^ 
which  arc  very  apt  to  creep  over  tho  edge  of  the  resooL  (Kkaer,  ii* 
tharm.  14,261.) 
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FcO.... ^ „. .,».. 350 
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d.  FcaifitT'SaU  containing  Magnesia.  Formed  by  the  weathering  of 
iroe-pTritcB  injected  into  the  slato  below  Fort  Aries.  White,  greenish, 
or  yellowish  concretion,  which  reddens  litmus,  hus  a.  styptic  taste,  fusea 
when  hcatedj  and  then  swells  up,  leaTing  a  reddish,  porous  mass,  (Bonis, 
J.  Chim,Med,,  12,  628.) 
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E.  Sulphate  of  Alumina  anb  Ferric  Oxibe. — When  hydrate  of 
alnmina  recently  prepared  and  still  moist,  m  agitated  with  an  aqueons 
solution  of  tersiilphato  of  ferric  oxide,  it  takea  from  that  solution  the 
f\ lalc  of  the  ftrric  oxide,  together  with  the  greater  part  of  the  snlphuric 
acid,  and — if  the  iron-aolutinn  be  in  sufficient  quantity — is  thereby  ex- 
panded to  four  times  its  original  bulk.  A  small  quantity  of  alumina  is 
transferred  to  the  litjuid.  Any  excess  of  the  irou-soluiion  remains  unal- 
tered. The  resulting  compound  washed  with  hot  water,  dissolves  easily 
io  cold  dilute  sulphuric  neid,  with  difficulty  in  cold  dilute  nitric  or  hydro- 
chloric acid;  potash  abstracts  from  it  a  largo  proportion  of  the  alumina. 
(Anthon,  BepeH.  77,  114,) 

Hydrate  of  alumina  similarly  treated  with  hydrochloratej  nitrate,  or 
acetate  of  ferric  oxide,  is  converted  into  a  brown,  viscid  jelly  j  the  dark 
brown  Bupematant  liquid,  which  contaiua  alumina,  yields  a  jelly  OE 
evaporation;  with  oxalic  aeid,  it  fonns  small,  light  brown  flakes,  and  with 
ferrocyanidc  of  potassium,  a  brown  gelatinous  precipitate,  which  turns 
blue  on  the  addition  of  hydrochloric  acid.  (Anthon.) 


Iron  and  Silicium* 


I  A.  SiLiciDE  OF  Iron. — ^1.  Prepared  by  Davy  similarly  to  the  alloy 
of  iron  and  alumina.  When  treate<J  with  hydrochloric  acid,  it  deposits 
fijlica* — 2.  Clarke  obtained  a  white  metal  by  exposing  silica  in  contact 
with  iron  in  a  charcoal  crucible,  to  the  flame  of  the  oxy-hydrogcn  blow- 
id  |>e;  and  by  using  a  tmall  quantity  of  iron,  he  obtained  silicium  almost 
free  from  irou.-^S.  \Mien  pure  iron  is  fused  in  an  earthen  crucible,  an 
alloy  IS  formed   which  contains  0'54  pi;r  cent,  of  silicium,  and  is  more 

Bditlicult  to  file  and  hammer  than  pure  iron.  (Boussingault,  Ann,  Chm^ 
Phy$.  IC,  15.) — ^4.  When  iron  liliugs  are  heated  to  whiteness  with  I!im* 
ride  of  silicium  and  potasaiuui,  the  products  are  fluoride  of  potassium, 
fluoride  of  iron,  and  silicide  of  iron.  Hot  water  dissolves  ont  the  two 
fonuerj  and  leaves  the  latter.    Silicide  of  iron  dissolves  in  acids^  even  in 
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faydrofluosilicic  acid,  the  silicium  being  oxidated.    When  "V^^Kto  til 
air  in  a  moist  state,  it  iB  conTerted  into  a  nasty  yelloir-ochi^,  (Benelioi.) 

B,  Silicate  of  Ferrous  Oxide,  or  Ferrous  Silicate. — a,  Bmlkak 
— Often  produced  in  the  conversion  of  cast  into  wrought  iron,  and  in  llie 
refining  of  coarse  copjier;  in  tlie  latter  case,  it  is  mixed  with  the  suJj»Ui«J«i 
of  copper  and  iron.  Exhibits  the  eimiQ  cry&taUine  form  with  the  Mima 
cleavage-planes,  likewise  tbe  same  lustre  and  hardness  as  Chn'solitc 
(in.,  3f>5)  even  when  disilioite  of  lime  is  mixed  with  it,  Hydrwhlom 
acid  extracts  the  ferrous  oxide,  and  leaves  thfl  silica  (in  the  form  of  a  jell/; 
KobeU)  undissolved,  (MiUchcrlich,  Ann.  Chim.  PhyB.  24,  369;  Walohw^ 
Schw.  39,  71;  conip.  Miller,  JPo^g,  23,  559,) 


Mitscberlicli.  Wiilcha«f. 

/ — ^ s  r-^ ^ 

KO  ., ...              ...  .„.,.«  0'20  „„     0*29  . 

MgO    ..„          ....                ..«     0  65  ..,.                 «.  1-90  ....     1-41  .- 

MuO    ....              ....                  1-30  ....     2*65  .. 

2FeO   .,,.     70  ....     69^31  ....  67*24  ....     69*07  Fe^O^  61*23  ....  68*04  .. 

CuO. .«.  ,..,  

Al-0» ....              ,„.  ........  1^56  .,„ 

SiOi... 31  ....     30-69  ....  8M6  ....    II093    32-96  ....  38*a5  ,. 

""^             101  ....  lOO'OO  ...  99-05  ....  100-00    99'15  ....  96'?!  ,. 
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a*  are  crystals  from  iroa-works;  h.  from  the  copper  refinery;  the  admixed 
sulphide  of  iron  and  sulphide  of  copper  have  been  allowed  for  in  ll»« 
analysis;  c.  from  tho  iron -works  at  l)ax  in  the  Pyrciicsee,  sp.  gr.  ^'7; 
d.  from  tfie  iron-works  at  Boilenhauscn  in  the  Harz;  very  much  like 
hyalo^iderite,  sp.  gr.  3  "529;  t.  from  tho  copper- re tinery  at  Lautertlial  in 
the  Harz,  sp.  gr.  3' 87* 

To  this  bead  belong  also  Hyahsld^rUe  and  FapatUe^  cxcej  *  t 

large  quantity  of  the  ferrous  oxide   is  replaced  hy  uiagnoaiu  'f 

ha.ses.  Ift/alosidtrKe  ha^i  tbe  form  of  chrysolite;  sp.  gr.  2*S7-»;  hiiid<!f 
lljun  apatite,  yelbj wish-brown;  tniuslucent  at  the  edges,  where  li  cxhlUtf 
a  byacintb-red  colour.  If  not  naturally  magnetic,  it  Ijocoiues  so  when 
heated  to  redness,  when  it  aUo  turus  black;  at  a  higher  tenMK  riiturc.  it 
fnsos  to  a  black  ma^netie  globule.     With  horax  or  mrcroco  ft 

givos  the  reactions  of  iron,  anil  with  niicrocosuiie  salt,  im  .  t 

skeleton    of  silica.     It    dissolves    with   difficulty  in    cold.   *  ? 

hydrochloric  acid,  and  ylclils  a  jelly  on  evaporation,  (Wab  : 
3JJ,  f?5.) — FayaliU  is  sometimes  of  crystalline  structure,  sonn.t  in. 
and  Mistered;  gp.  gr.  4'138j  softer  than  quartz,  greenish-black,  an<I  A 
attracted  by  t!if3  raaguct,  Fiisei!»  very  easily  and  quietly  to  i^  ttictall^ 
globule,  with  evolution  of  sulphurous  acid;  dissolves  readily  in  liorai  tad 
in  microcosmic  «aU.  Strong- fuiuing  nitric  acid  converts  it  into  a  }e%; 
but  when  this  jelly,  after  wusliing  with  water,  is  boiled  with  carfaoatli 
of  potash,  which  di^aulves  the  gelatiuotia  silica»  there  remain^*  ao(itii#r 
mineral,  insolublo  even  in  boiling  oil  of  vitriol;  this  latter  min«r;il  wti 
therefore  intiuialely  mixed  witb  the  soluble  minenU,  the  purer  Fay»lii«< 
(C,  O.  Gmclin,  Poyr/,  r»l,  lao.) 


KNEBELITB,  JPTBOSMALITE. 
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Soluble  part  qf  Fayalite. 

C.  G.  Gmelin.         J 
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In  Walcliner's  analysis^  the  2 9 "71  denotes  not  ferrons  but  ferroso-ferrio 
oxide. — The  insoluole  portion  of  Fayalite  exhibits  such  diversities  of 
composition  that  it  cannot  be  reduced  to  calculation. 

Knebelite, — FeO,  MnO,  SiO'*. — Decomposed  by  hydrochloric  acid,  with 
separation  of  gelatinous  silica.  (Dobereiner,  Schw.  21,  41.) 


Knebelite 

; 
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35-30 

350 
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.... 

34-31 
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31 

30-39 
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10000 
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h.  MonosilicaU. — a.  Sometimes  found  in  the  slag  of  the  blast-furnaces 
(partly  mixed  with  monosilicate  of  lime)  in  greenish,  often  transparent 
crystals  corresponding  to  those  of  Augite.  (Mitscherlich.) 

When  a  mixture  of  1  At.  SiO'  and  1  At.  Fe^O'  is  fused  for  an  hour 
in  a  charcoal  crucible,  iron  is  reduced,  and  a  slag  (a)  formed,  resembling 
the  filag  produced  towards  the  end  of  the  process  of  converting  cast  into 
WTonght-iron;  composition  =  FeO,  SiO*  nearly.  The  iron  reduced  in  the 
process  is  not  pig-iron,  but  very  malleable,  partly  of  specific  gravity 
8*089 ;  the  ferrous  silicate  appears  therefore  to  prevent  the  combination. 
of  carbon  and  silicium  with  the  iron. — By  fusion  for  several  hours  in  a 
blast-furnace,  more  iron  is  reduced  from  the  slag,  likewise  malleable  and. 
containing  only  0*59  per  cent,  of  carbon,  together  with  a  trace  of  silicium; 
and  the  slag  h  has  very  nearly  the  composition  2FeO,^SiO^  (Sefstrom, 
J:  teiAn.  Chim.  10,  178.) 
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Si02 

Slag  a. 
35    ....     5303 
31     ....     46-97 

Sefstrom. 
....     51-2 
....     49-6 

Blag  b. 
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....  100-8 

2FeO,3Si02  163     ....  100-00 

....  10000 

FyromalUe.^  15(MnO,  SiO')  -f  15(FeO,SiO')  +  Fe'CP,  3FeW,  3Aq.  % 
-—Regular  six-sided  prisms,  the  lateral  edges  twice  truncated.     Cleavage 
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perpend icalar  to  tlie  axis;  less  distmct  paraillel  to  the  latenl 
Sp,  £r.  3081 J  jello  wish-brown  without,  green  is  h-y  ell  ow  within;  oi»qii«t 
yielas  a  light  greeu  powder.  Before  tae  blowpipe  it  asgtitnas  a  black- 
brown  colour,  gives  off  vapours  of  water,  hydrochloric  acid,  aad  ^cwai* 
chloride  of  iroHi  and  fiises  to  a  black  magnetic  globule.  DisaolTCs  reaail/ 
in  borax,  exhibiting  the  reactions  of  manganese  and  iron — with  diffieoltj 
in  microcosm ic  salt.  Dissolves  in  nitric  acid  with  separation  of 
(Hisinger,  Schw,  23,  63.)  Hydrochloric  acid,  after  long  digeation,  i 
poees  it  completelyi  without  forming  a  eiliccoos  jelly.  (H«  Rose.) 
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c.  Si^-fijths  Silicate. — Ifornblendti  rich  in  Iron, — «.  ArfMtmii' 
5(NaO;  CaO;  MgO;  MdO;  FeO).  6SiO*— u' :  «=123=  55\  Fuses  tm 
In  the  ^amo  of  a  candio;  boils  up  strongly  before  the  blowjilpOj  and  yid4l 
a  black  magnetic  globule.  Not  soluble  in  acids  or  in  caasiic  potaik 
(v.  Koboll,7".;>r.am.  13,3.) 
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^.  Ae^rine.'^^iKO*  NaO;  CaO;  MgO;  MnO;  FeO).  e  SiO*.-  ^ 
sembles  hornblemte  in  outward  appearance.  Fuses  to  a  black  glohul^ 
formn  a  green  trauf^parenl  bead  witii  a  large  quantity  of  borax*  and  i 
black  bead  with  a  still  larger  quantity.  With  microcosmic  salt  it  forsi 
a  green  glH.ss  and  a  skeleton  of  «ilica.  Dissolves  abundantly  tn  carhonilf 
of  soda,  formmg  a  brown  opai^ue  bead.  Co u tains  titaniferoQs  iron  b^iscli' 
into  it  (Plantamour,  /,  pr.  Chcm.  24,  300.) 


♦  Hijinger  found,  on  th«  whole,  35*48  p.c.  sMquioxide  of  ircnii  of  whi^ 
he  supposed  that  tlie  greater  part  was  contained  in  the  mineral  in  the  form  of 
!n  the  above  calculation ^  ^\  of  the  aesquioiide  found  bj  liistnfer  U 
oxide,  and  %ht  remniiung  /,  as  »e&(|uioitide. 
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If  from  the  27  atoma  of  tho  stronger  ba^e  there  be  deducted  1  At.  for  the 
titanic  acid  and  1  At*  for  the  aliimina,  there  remaina  25  At»  base  to  30 
At.  fiilicic  acid  =  5  :  G, 

d.  Five-fourUis  Silicate, — KrolydoUte  or  Blue  Ironstone* — (NaO;MgO), 
2SiO--f3{FeO,  SiO^)-h5  Aq. — Very  much  like  asbeatua,  made  up  of  Toog 
and  soft  fibres;  sp.  gr.  3 "20;  hardness  equal  to  that  ul  fliiorispar;  indigo- 
bl*i€  in  the  masas;  lavender-hkie  in  single  fibres,  Wlieti  gently  ignited 
out  of  contact  of  air,  it  givea  off  waterj  tltminishes  in  bulk,  and  becomes 
dullj  retaining,  however,  ita  fihrous  texture.  When  heated  in  contact 
with  the  air,  it  hccoraes  red-brown,  and  then  brovvn-red,  but  if  afterwards 
heated  in  hydrogen  gas,  it  regains  its  former  aspect.  At  a  strong  red 
heatj  eirea  in  the  flame  of  a  spirit-lamp,  it  fuses  to  a  blacky  t^wv^llon, 
etroDgly  magnetic  glass;  from  which  liydrogen  gas  with  the  aid  of  heat 
separates  metallic  iron,  Willi  borax  it  gives  tho  relictions  of  iron.  Does 
Dot  dissolve  in  snlphuric,  hydrochloric,  or  nitric  acid,  either  cold  or  hot. 
(Stromeyer  &  Hauamann,  Sckw.  64,  50.) 
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e.  Qttadro$mcat^,^T]iO  solution  of  protochloridc  of  iron  in  leas  than 
2500  parts  of  water  gives  a  greyish-green  precipitate  with  aqueous  quad- 
roeiiicate  of  soda.  (Walcker.J 

C.  Stlioatk  op  Ferric  Oxide,  or  Ferric  Silicate.-^hi,  Monmilicate* 
—  Iron-cinder  from  the  Himmelfahrt  mine  near  Froiherg.^ — Mn'O^SiO'''  + 
Fe^O>SiO^+12  Aq. — Deposited  from  tho  water  of  the  mine,  which  con- 
taitiA  the  sulphates  of  ferrou.**  oxide,  luanganous  oxide^  and  lime  with 
excess  of  acid,  and  has  probably  driven  out  hydrofluoric  acid  from 
fluorspar,  which  dissolved  the  quartz.  Of  stellate -fibrous  structure,  in- 
clining to  the  conchoidal;  sp.  gr.  2 '2 8.  When  heated  it  gives  ofl*  water, 
having  an  acid  reaction,  but  not  capahlo  of  etching  glass.  Water  extracts 
traces  of  sulphates  from  it.  Dissolves  quickly  in  hydrochloric  acid,  furm- 
ing  a  brown  J  or  if  previously  healuil,  a  ycliow  solution,  with  evolution 
of  chlorine  and  separation  of  gelatinous  silica.  (Karaten,  /.  pr,  Chan^ 
22,  1.) 


IRON. 


Mli^O*  „„ 80  .  24*32 

F«W>»    :. 78  .  24-01 

2SiO*    :_.,,,  ea  ...  18-84 

12HO 108  ...  32*83 


KersteiL. 
25  01      to     2€54 
22  90      .,      21^00 
18-99      „      1807 
33-00     ,»     32-82 
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99-89 


98-43 


h,  Se^qumlicate. — Yellow    Earth    horn 
3SiO'-h4  Aq.  (KiiLn,  Schw.  51,  46a.) 

Yellow  Earth, 


Ambeig.— 2(Fe»0*j  Ai'^ 


MgO 

5Pe^O»  * „  3900  ...,  36-79 

3Al=0> .,  lM-2  ..,  14*54 

12SiOa    «...  3720  ..  35*09 

16UO...... 144*0       13*58 


KUhn, 
1*38 
3776 
14-21 
33*23 
1324 


1060'2 


100-00 


n^m 


c.  SmUcate* — nmngerUe. — Fe'O^  2SiO'-f  4  Aq. — AmorpLous,  will 
an  unevpn,  coiichoiilid  fracturo.     Black,  l>at  produces  a  yellowisU-bro« 
powder      Gives  off  water  when  heated;  tlie  blowpipe- flame  rtmndsiK 
at  the  edgesj  and  renders  it  dull  and  magnetic.  {Hlsinger,  Po^g,  13,50 
Hydrochloric  acid  decoiiiposeB  it,  with  formation  of  gelatinoiia  eiltca. 
tlio  analysis  of  Hisingerite  from  BodonmaiH  (abo  called  ThrauliU)^ 
ndmixea  magnetic  pyrites  was  deducted  by  Hi&ingcr,  and  Ukenrin^ 
KobeU.  {Fogg.  14,  4G7;  Echw.  C2,  198.) 


Pe^CP..... 78 

2Si03 ,.     62 

4HO .     36 


Hiiirifferiie. 


44-32 
35-23 
2015 


HiMiiger, 

KiddnrliTtUo, 

45*95 

3630 

20*70 


Hisinger. 

51*53 
31-78 
2000 


fiO-d« 
31-28 
19*12 


176 


100-00 


102*95 


103-31 


\UU 


In  tlin  mineral  from  Riddarhyttan,  Hisinger  found  44"8i>  per  cenLt  ^^ 
in  that  from  Bodetimais,  40*87  per  cent,  of  Fe^O^  which,  in  the  mWrc 
anftlyBea  is  reckone'l  as  Fe*0\  KoWU  found  in  the  niinenil  from  Bodin- 
maU,  5*7  per  cent,  of  FeOj  which,  however,  he  supposed  to  ariee  from  Ihii 
presence  of  magnetic  pyriteB,  Tbi^  perhaps  i^?  the  origin  of  the  exce«0  ^ 
ferric  oxide  over  the  silica,  which  is  apparent  in  the  analvRc*!;  or,  on  tf 
other  hand,  thid  excess  may  urii^e  from  the  actual  composition  of  Hisin 
eritc:  if  that  W  the  caw,  the  niiucral  may  perhaps  bo  represented  by  \' 
formula :— 2Fe*0\  3SiO^  H-  4  Aq  ,  analogoua  to  YeUow  Earlh. 

The  Ochn^  which  i^  deposited  by  tlie  hot  spring  at  Luecft  on  ei 
to  the  air,  probably  from  ferrous  eilicate  contained  in  il^  and  wliii 
solrcA  in  hydrochloric  actd  with  reparation  of  gelatinous  sUiea^ 
[besidDS  water  *(]    ♦'>7*1T   p.  c.    ferric  oxide  to  42'8(i    silica,    {II,   Di^ 
^cAtc.  35,78.)     [Fo^0^2SiO^  rec^uiree  55  71  p.  e.  ferrlo  oxld^r  U  44 
silica.] 

d,  TVrjriYiVa/f*— A^cmfroniVe.— FeW,3SiO'  +  5A4. — Mumit^  iriih 
gplintery  or  earthy  fiucture;  translucent  or  opaque;  vaiint  in  oiilour  h 
gisk  in -green  to  jrtraw-yellow,     When   immersed  in  wmter,  it  givw 
hubbies  and  lK»conies  transparent,     Dcfore  the  blowpi]»e  it  deorep*" 
turns  yellow^  then  brown,  then  bhick,  auil  acquires  magnetic  proj 
but  without  fusing.     Insoluble  in  cold  acids,  but  eoluUl^  in  hot  fnlplll 
hydrochloric,  or  nitric  acid,  with  separation  of  gelatinous  silica  (**  ^' 
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{Ann. 

CWw.  i^Ay*. 

36, 

22;  Jae(][Ue]ab^  jlfin* 

CUm.  Fhyi. 

6e,  101; 

Biew&rd,  J,  pr,  Chem,  11, 

162.) 

Nontrifnite. 

fiertbler. 

JacqtDGlolD. 

Biewend. 

At. 

&tFttld0tUL 

HoaiiBort. 

c»o  .„ 

0-19       .., 

trace 

¥irO... 



21 

„ 

UnO  ... 

....«*... 

•  ».a 

•■».                      ». 

trace 

ZoO  ». 

•a....*.* 

•  »*• 

truce      . 

CoO  .„ 

0-90      ., 

Fe*0« 

I   ., 

78 

..     36']  1 

..,       290 

...      35-69      ., 

37'30 

AI»0»... 

»«» 

3*6 

3-31       .. 

fiiOi  ... 

3    .,» 

n 

.     4306 

...       44'0 

..,.      41^31       .,. 

,       4110 

HO     .. 

5     ... 

45 

...     20-83 

....       IB'7 

,..       18-63      .. 

.      21-56 

Clay 

1*2 

216 


100 '00 


9e'6 


100*00 


99^96 


e.  QuadrcmHcate, — A  nthmidertie, — Fe'O',  4S i 0" + A  q[  1 — €r>m posed  of 

;    ochre-brown-, 
in   thin    fra^ients.    (Hansmaun   Sc   Scbnederraantij    Fof^f/, 


fioft  fibres;    ep.  gr>  about  3*0;    gives   sparka  witli  steely    ochre-brown., 

transluoent 

52,  292.) 


F 


AntAoHderite* 

Fe*0"..„. 78       ....       36*97 

4SiO  ,. , ...,.,       124       ....       58-77 

HO 9      ...         4-26 


SchnedermimD. 

34-99 

60*«8 

3-S9 


211 


100-00 


98*66 


I 
I 

I 
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When  quadrosilicato  of  Foda  is  gmduallj  added  to  Iiydrochlorato  of 
ferric  oxidx*,  the  precipitate^  as  it  lorras,  is  inirnediately  ro-diseolved,  with 
the  ejtception  of  a  small  quantity  of  silica,  and  the  iit|uid  acquires  a  dark 
colour.  Oil  evaporatint^  the  liquid,  a  red- brown  tuasa  is  left,  translucent 
at  the  edge&j  and  exhibiting  a  contdioidal  fracture.  Water  causes  it  to 
decrepitate,  and  extracts  from  it  chloride  of  sodium,  tosrethcr  with  the 
excess  of  ferric  chloride,  while  ferric  silicate  is  left  behind  in  the  form  of 
a  Hght  yellowish-brown  powder,  from  which  hydrochloric  acid  extractij 
the  whole  of  the  ferrte  oxide. — With  excess  of  tersolphatp  of  ferric  oxide, 
quadrottilicato  of  soda  gives  a  precipitrtto  only  on  boiling,  but  if  the  latter 
Mirlt  i«  in  excess,  the  mixture  solidifies  in  24  hours.  (Walcker,  iV^.  Quart* 
J,ofSc.  3,  371.) 

Silicate  of  Ferric  Oxide  with  Carbonate  of  Potfff^. — Btbagk, — Gianbfr^s 
Iron^ree* — When  a  piece  of  perfectly  dry  protochloride  of  iron  is  ira- 
nieraeH  in  soluble  silica  (ol)tained  by  fusing  1  pi.  quart*  and  3  pis. 
carbonate  of  potash,  and  dis.solving  the  fused  mass  in  water)  thin,  white, 
ribbon-shaped  and  thread-like  columns  or  branches  immediately  rise  from 
it  to  the  surface  of  the  liqui^l,  ami  tlioro  form  a  kind  of  canopy;  their 
colour  m  first  green,  and  then  brown,  and  they  may  be  prcservea  if  the 
liquid  bo  carefully  poured  off  from  them,  (R,  Bottger,  /.  pr.  Chan, 
10,  60.) — rrotoehloride  of  iron  forms  white  hmnchcs  which  rise  f»erpen- 
dicillarlj,  and  after  awhile  turn  green,  then  black,  and  lastly  red  by 
oxidation.  Sesquichlorido  of  iron  forms  red  branches.  Green  and  blue 
vitriol  Hkewiife  form  trees.  At  the  top  of  each  branch  is  situated  a 
gas-bubble,  which,  oa  it  rises  through  the  liquid,  carries  the  iron-siilt 
along  with  it.  If  the  gaa-bubble  be  removed,  the  growth  of  the  branch 
is  »rre6ted.  A  large  gas-bubble  produeea  a  thick,  hollow  branch  termi- 
nating ill  a  hcinispherical  summit.      If  a  fresh  gas-bubblo  carries  an 
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adclitioiial  quantity  of  iron-salt  up  through  tho  hollow  tube,  the  bohhie 
then  breaks  through  the  summit  and  fills  the  who!o  liquid  withcrooU 
threads  which  spread  out  iiilo  a  globe  filled  with  gaa.  In  the  IbUonii^ 
table,  a.  gives  the  composition  of  the  iron-tree  obtained  with  protochloriib 
of  iron  previously  lieated  till  it  began  to  torn  red;  b.  that  fonned  hf 
protoehloride  which  had  remained  white;  and  c.  that  produced  hj  m 
eeiit|uichlorido,  after  previous  trituration  and  washing  with  wil«r. 
(Mulder,  /.  pr.  Ckm.  22,  41.) 


Mulder, 


6Fff03„.„„. , 4680 

3SiO=    ,.„,..„„ 93-0 

2K0     ., S4-4 

2C03 44-0 


«. 

b. 

f» 

G691       ,. 

670     . 

..     67-2     , 

.    «<7 

13-30 

12-7     .. 

..     15-7    . 

..  m 

13-50      .. 

„      U'7    . 

.  iij 

6-29 

6-6     ,. 

,      !•§ 

3(2Fe30»,SiO*)  +  2(KO,CO')     699'4     ...  100^00 


lOO'O 


lOti 


The  carbonic  acid  was  determined  merely  by  losa,     Mulder  regards  tba 
compound  ae  i^ilicate  of  potash  combined  with  carbonate  of  ferric  oxidcv 

L  With  4  At.  acid. — The  precipitate  fonned  with  solution  of  tiJioi 
and  hydruchlomtc  of  ferric  oxide  contains  25*3  p,  c.  ferric  oxidt,  45*3 
eilicaj  21  "1  potaeh,  and  d*B  carbonic  acid.  (Mulder.) 

Douhh  Silicates  containing  Ferric  Oxide  and  Alumina  on  the  m 
Iiandj  and  Ferrous  Oxide  and  others  of  the  stronger  hoses  on  the  other, 

Chimohite.—2{i}YeO,^\0'^) 4-  ATO^ 3SiO=  +  1 2A<i.— Massive;  Irwcim 
granularj  uneven,  or  earthy;  sp.  gr.  from  3'0  to  3'4;  dark  green ish-gwr; 
magnetic.  When  heated,  it  gives  off  water,  becomes  moro  atronjj 
magnetic  and  turns  blacky  or  if  the  air  has  access  to  it,  reddisL  IH*- 
esolves  readily  in  hydrochloric  acid  with  separation  of  gelatinous  eilici, 
blackened  l»y  asphalt.  (Berthier,  iyckw.  33,  315.) 


lOFeO 

3SiOa.. 
12HO 


Ckamoiiiie, 

350*0       ....       58-10 

51*4       .  .         853 

93-0       ,„,       15^44 

108-0       ....       17*93 


Bcrthur. 
lYom  Clnnoli 
60*5 

7a 

143 
17-4 


602*4 


lOO'QO 


lOOO 


Pea-ore  or  Lctdtcular  Grey  Iron-stone  from  the  Albtnger  pti  Oflir 
Kandorne,— 10FeO,3SiOHATO»,SiO»  +  ,>Aq  l-^Nodnlc«  hftvii^  %  d» 
nii'ter  varying  from  1  line  to  2  inches,  splitting  off  in  thin  acmle^;  ^|r* 
3  1;  dingy  olive  green  inclining  to  yelli>w%  dissolves  slowly  bat  «*»• 
pletely  in  atjua-regia,  and  yields  gelatinous  silica  when  erapciimted 
(Walchner,  8ckw.  51,  210.) 


taOomlMuO.... 

lOF^O ,., 

APO» 
4SiO^ 
5HO 


Pec'ore. 


>•■■■•■'«•***•** 


350*0 
51  4 

124*0 
450 


61-36 

901 
21*74 

7'89 


tnoe 
fl*61 

8-58 

20-85 

8*18 


Waldutcr. 


tnce 
6214 

21*66 
1*91 


670-4 


100*00 


99*28 


1IM»*4S 


Simpler,   but   less   in    accordance   with    the  analy^ie    ia    ih6   fofsiitb 
3(3FeO,  SiO')  +  ATO^  SiO'  +  5Aq. 


STILPNOMELANE,  CEDEITE,  ILVAITE. 
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from  3'0  to  3 -45  lustrous,  raven -black,  yieMs  a  green Wb-black  powder. 
Gives  off  animoiiiaeal  water  wlien  heated;  fue:ea  with  Jitiiciilty  before  tiio 
blowpipe,  into  a  blaek,  shining  gltibulc;  gives  the  inanganeao  reaction 
with  carbonate  of  soda;  diaaolvea  completely  in  borax,  exhihiting  the  iron 
reaction,  and  in  microcosm ic  salt,  with  separation  of  a  siliceous  jelly. 
Dissolve**  but  incompletely  in  hydrochloric  acid  even  when  warm  and 
conceDtrated.  (Rammelaberg,  Fo^g.  43,  127.) 


^■reac 


KO,  wiUi  trace  of  NaO... 

CaO 

MgO   , 

8FcO .» 

Al»0» „.. 

12SiO» 

tyHo 


Siilpnomelane* 


20^0 
2800 

51-4 
3720 

63'0 


2-54 
35-60 

6-54 
47-31 

8-01 


Eummekberg  (iwwft), 

0^75 

0-52 

2-39 
3S'04 

675 
45*02 

7-96 


78G-4 


100-00 


9&-43 


'  GedriU,^S¥f^O,  6SiO*  + Al-0',  SiO'  +  Aq  1— Fibrous,  somewhat  lami- 
©ar;  sp.  gr  3'2G;  Tiolet-brown^  with  semi-metallic  luatre.  Fueea  readily 
to  a  black  nlag;  forms  a  blackish -green  glass  with  borax.  Not  attacked 
hj  acids.  (Dufrenoy^  J.  pr,  Ck^m.  U,  132,) 

I"//mi^.— 2{2FeO,SiO')  +  Fe'O^SiO=;  or  more  exactly,  4(2FeO,SiO=)  + 
2(2CaO,SiO-)  +  3(Fe'O^SiO'),— Crystulline  system  the  right  prismatic, 
/V^^.  54 f  62  (without  the  p-face),  and  other  forms;  it' :  w  (/%.  62)  = 
112°  3G';  »:«=128^29\  {Hauy,}  Sp.  gr.  3*Q  to  40;  harder  than 
apatite;  opaque,  with  Hemi-metallic  lustre;  greyish -black*  Fusea  easily 
before  the  blowpipe,  and  forms  a  black  magnetic  bead.  Dissolvea  witli 
the  iron  reaction  in  borax  and  in  microcosmic  salt,  iti  the  latter  with 
eeparation  of  a  siliceous  skeleton.  Dissolves  easily  and  completely  in 
warm  hydrochloric  acid,  forming  a  jelly. 


Gedrite 

• 

Dufr^noj, 

CaO 

3^G9    ;; 

0-67 

MgO 

20  0 

413 

7FeO 

.....       245-0 

4517 

45-83 

AlW 

51-4 

y-17 

9-31 

7Si02 

217^0 

4001 

38-81 

HO 

9*0 

r66 

2*30 

S42'4 


100-00 


101"05 


At. 

CaO „„.    4 

MnO  ..,t^.ti»»t*4tt 
FeO   ..„„..«,.....    8 

Fe-^O^ 3 

AFO»„. 

SiO*  „. 9 

HO    . 


Itvaite, 


112 

280 
234 

279 


12-37 

30-94 
25-86 

3083 


Stromefer. 

13'78 

1-59 
31-90 
23-00 

0-61 
29-28 

1-27 


Kammdiibcrg. 
(meafi). 
11*26 
1-51 
32-63 
22- 7B 

29*46 
1-60 


905 


100-00 


101-43 


99-24 


Id  Stromeycr'a  original  analysi-s,  the  whole  of  the  iron  was  estimated  as 
protoxide,  which  amounted  to  52  14  per  cent.  Kohcll  found  that  the 
minenil  contained  23  per  cent,  of  ferric  oxide,  and  Stromeyer*s  analyisiJ?, 
given  in  the  preceding  table,  is  calculated  accordingly. 


if— E«g«kY  ds^iUdl 

to  ^,  loM  iUmd 

ftt^M^  iinr«B-Mif li 

'    M>,   it  BBlte  ttt  1 


wMA 


^^) 


Kif^I* 

Exp.  2. 

Mt    ^ 

i-ts 

f  gi   . 

s-«i 

s»« 

Sf*«     ^ 

IJ'II 

3&36 

tt-a   _ 

22  "W 

lt-7« 

10-70 

«rf7 


98^t 


Kobell  fbttiid  35*35  t>.«. 
i>  vUdL  u  Kti'iHiiiirg  llrol  mitiljEiB,  tikcfi 

CbO;  MgO;  TM),  SSa'^l(APCr»  FcVX  aSiO*,— Ito  com^m     - 
thmfwe  ipBlifaat  to  tist  ^f  fi  Iumi      It  %m  tvo  desrage^lmiii - 
est  mmt  MMiicr  ilainni  «t  m  i%it  «i|ie;  «pw  gr.  3*M;  Mmlelies  gp  •, 

with  Wax.     FM  attMked  lij  bptrockkcie  ackL  (Laurait,  Ann.  ChtL 

WtBmfUm 


Z^iO" .     llHiil 


5  13 

:-:  nl 
UN 

1-  --^ 


ISO 

u*» 

56S 


I 


1991^ 


lOO'UO 


•I 


the  rigkl  prismatic.    J*^,  6^,  but  without  the  tf-b^sm^  atid  U 

small  faces  between  a  and  f ;  tbe  aicttminatioti  is  likewise  muv..  *...».>«i* 
M:ii*=8r  50";  m  :  4^133^  28;  tt  :  m=:  136'  32*,  (Mitscljerlich.)  Ckiragt 
pamUel  to  u,  leas  distinct  fNuallel  to  m  and  r.  Sp.  gr.  3  24;  nct%tehm 
glass*  In  tbin  ^a^moits  it  is  tcanfilncont  and  exlvibits  a  yoltowLib-bvQVi 
colour;  on  liie  outside  it  is  brown*black  or  red-brown;  blaekiob  or  daric 
greyifib'green  on  the  fractured  surfaces.  Before  the  blowpipe,  tt 
into  a  bla< "  " 


^lack  bead.  (Strom,  Schw,  37,  201.) 


N*0. 
CiiO  . 

MnO 


Aekwtiie, 
Sl*2    ....      Sl'45 


350 

79*0 
18C0 


330-2 


10-60 

23*62 
55a3 


IW'QO 


Strito. 
9-74 


liie 
iO0*S3 


10-40 
0*72 
1*08 

31-2S 
55*25 


-•    WJ 


9*-ra 
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Strom  and  Berzoliua  asenme  that  all  the  iron  m  Achmite  is  in  tbe  state 
of  ferric  oxide;  bat  accarding  to  Kobell,  the  greater  portion  is  in  the  state 
of  ferrous  oxide, 

\  OttrMu.-^Si^FeO,  SiO=*)-f  2AP0*,  3SiO'+3Aq,— Fuses  with  difficulty 
in  the  Ijlowpipe  fliimc  at  tbe  edges,  yielding  a  bliwik  magnetic  glass. 
When  fused  witli  carbonato  of  soda,  it  exhibits  tbe  manganese  reaction, 
and  u'itb  borax  the  iron  reaction.  Not  decomposed  by  any  acid  except 
beated  sulphuric  acid.  (Damour.) 


MoO 

2FeO  _ 

2AI-0*    

36*0 

70-0 

102-8 

8^54 

,.,       IG'59 

...       24'37 

..       4410 

G'40 

Damour. 

l-Yom  Oilttz. 

803    10      818 

16'Bl     ,,     16-72 

23-89     .,     24-63 

6SiO* 

3HO 

..,       18G*0 
27'0 

4352     „      43-34 

5-63     n       5-66 

421-8 

-,.     100*00 

97^88     „      98'&3 

CT/ort^ar/>an— 2FeO,SiO*  +  2Al-O^SiO«.  —  Becomes  darker  before 
tbe  blowpipe,  and  afterwards  red-brown,  but  without  fusing;  exhibits 
irsices  of  manganese  when  fused  with  carbonato  of  soib.  Dissolves  in 
borax  forming  a  dark  green  bead.  Microcosm ic  salt  dissolves  it  slowly 
but  completely,  without  leaving  a  siliceous  skeleton,  and  forms  with  it  a 
^  class  coloured  by  iron  while  hot,  but  colourless  when  cohL  Not  soluble  in 
^Iiydrochloric  acid.  Hence  the  miueral,  previously  to  analysis,  may  he 
freed  from  ferric  oxide  and  alumina  by  digestion  in  hydrochloric  lujid. 
(Erdmann,  J,  pr,  Cltcai,  6,  SO.) 
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CZepidomrlane.  —  (KO;  FeO),  SiO*  +  (Fe'O';  APO»),  SiO^-    or  more 
ictly.   4(K0,  SiO=*)-f  7(FeO,SiO'')  +  7(Pe^O',  Siq*)  +  4(Ara\  SKF).-^ 
ven-bhick,   diiniug,   opaque,  micaceous,  crystalline   scales,    united   in 
granulo'kminar  raa^sbcs:  sp.  gr.  300.     Before  tho  blowpipe  it  acijuires  a 

tpiochbeck' brown  colour,  and  fuses  to  a  black  maguetic  bcadj  dissolves 
m  boriLX,  forming  a  green  glass.  Hydrochloric  acid  dii-sulves  it,  with 
ceparation  of  silica  in  the  form  of  the  crystalline  scales  of  the  miuerah 
(VVohler  Ac  Soltmanu,  Fog^,  SO,  6G4.) 
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Pi»^f ;^. — FeO,2SiO'  +  2(Fe^0*,  2SiO')  -H 1 4Aq  I  —  Eesembles  Bole- 
Fracture^  conchoido-splintry;  sp.  gr.  2'315.  YeTj  soft;  greasy  to  tbo 
touch;  does  nut  become  softer  by  immersion  in  water.  Has  a  faint 
waxy  lutatrOj  and  a  aisk in-green  colour.    (Breithaupt,  JScIiw,  55^  3Q3,\ 
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IRON. 


When  heated,  it  gives  off  water  aufl  bccomeg  black- brown;  befape  Uii_ 

blowpipe  it  fuses  at  the  edges  only.  With  carbonate  of  elhIh  h  fuvm  i 
black  King.  Disfiolvee  in  borax,  exhibiting  the  iron  reaction,  and 
inicrocosniic  salt,  with  reparation  of  a  akeleton  of  silica,  Waroi  livdli 
chloric  acid  decomposes  it  readily,  with  separation  of  pulveralent  gd 
wliich  does  not  lose  the  greenish  colour  of  the  mineral  till  it  haa  ti 
digested  with  hydrochloric  acid  for  a  conijiderablo  time.  (Karsten,  fibl 
66,  9.) 
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€laM-fiuxe$  containing  Ferrciu  and  Ferric  Oxide. — Ferrous 
imparts  a  botlle-green  colour  to  glass.    Glass  coloured  with  ferric  oxide  ii 
blood-red  while  hot,  yellowish  after  cooling. 

D*  Carbide  op  Siltctum  and  iRON.^BerzerniB  (Gilh,  36,  B9)  ui 
Stromejcr  (Gilb,  38,  321)  obtained  this  compound  by  heating*  mixture 
of  silica,  iron  and  lanip-black  to  intense  whiteness^ — Stromeyer  obtained 
five  varieties:  a.  Platinam-colourcdj  laniino-granular,  superficially  cryi- 
falhne,  brittle. — b.  Tin-whito,  having  the  texture  of  ca«t-iron,  britlleK— 
c.  Silver- white,  compact  and  granular,  brittle. — tL  Steel -coloured, 
ceptiblc  of  polii?h,  as  hard  as  steel,  of  coarse  steel-like  texture,  ffuUiactili 
— f,  St  col -coloured,  .susceptible  of  polish^  as  hard  as  steel,  very  6 
graifiod,  perfectly  ductile* — The  densities  of  these  varieties  were  liotw 
6*8  and  7^*^  inclusive. — ^Berzclius  obtained  an  alloy,  which,  wlien  dittol' 
in  hydrochloric  acid,  yielded  \d  per  cent*  of  silica,  aud  yet  waa  mal. 
and  very  soft. 
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Acids  dissolve  the  iron  and  leave  a  black  gulistanco  of  aualiered  form, 
which  turns  white  on  iguitinu  in  the  air,  and  if  then  again  troatcd  widi 
acid.^,  gives  up  a  fresh  poiiion  of  iron,  previously  enveloped  in  the  <mri>oa. 
The  ultimate  residue  consists  of  gelatinous  silica.  (Stromeyer.) 

E.  pROToKLroRiDE  OP  luoN    AND   SiLiciuM, — F©F,SiF', — ^FonD#d^ 
when  a  solution  of  iron  in  liydroQuosilicic  acid  is  left  to  evaporate  in 
iron  dish  and  exposed  to  the  air.     Palo  hi uij^h -green,  regiuju"  six^d 
pri^*ms,  whicli  may  be  derived  from  a  rhombohedron*     Easily  saloUt  i 
water-  (Bcrzelius.) 

F.  SBSQriFttTORIPE     OF      IrON      AND     StLlCtllM. Fo^P.SSlF'*— 1 

BUghUy  coloured  solution  of  bydrated  ferric  oxide  in  terhydroiiiaio 
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silica  yields,  when  evaporated,  a  yellowish  jelly,  and  llien,  after  complete 
drjring,  a  semi- transparent,  gummy  masa,  which  dissolves  in  water  without 
residue*  (BcrKclius.) 


InoN  AND  Titanium; 

A.  TUanide  of  Iron  f — Iron  appeal's  not  to  he  capable  of  taking  up 
more  than  a  small  quantity  of  titanium,  iaaamuch  as  the  latter  metal 
separates  from  the  cast-iron  in  the  blast-furnaces  (III,  4C6).  Vauq^uelin 
&  Hecbt,  on  fusing  these  metals  together,  likewise  obtained  a  grey  metal 
dotted  with  yellow  specks. 

B*  TiTANATE  OP  Ferrous  Oxide,   or  Ferrous  Titanate.  —  The 

differeot  varieties  of  T'tlan[ferou$  Iron  crystallize,  either  in  acute  rhombo* 
hedrons,  or  in  regular  octohedrons,  or  (if  they  contain  much  titanic  acid) 
in  square  prisms,  like  those  of  ruiile.  Sp.  gr.  4*5... 4 '8,  Hardness 
between  fluorspar  and  felspar.  Opaque,  of  a  dark  iron -black  colour; 
sometimes  strongly,  sometimes  feebly  magnetic,  sometimes  non-magnetic. 
Infusible,  or  difficultly  fusible,  before  the  blowpipe ;  forms  a  dark  green 
gla-s:^  witli  borax,  and  a  dark  red  glass  in  the  inner  flame  with  microcoamic 
salt.  When  finely  pounded,  it  dissolves  in  wtrong  hydrochloric  acid, 
nothing  remaining  undissolved  but  titanic  acid,  mechanically  mixed  with 
it  in  the  furm  of  rutile.  The  solutioOj  when  diluted  with  a  large  quantity 
of  water  and  boiled,  deposits  the  titanic  acid  previonsly  combined  with  the 
ferrous  oxide.  When  titaniferoug  iron  is  heated  to  redness  with  several 
times  its  weight  of  chloride  of  calcium,  sesquichlorido  of  iron  is  given  off 
in  vapour;  water  dissolves  out  chloride  of  calcium  and  protochloride  of 
iron  from  the  fused  masa,  and  leaves  a  mixture  of  titan  ate  of  lime  and 
ti innate  of  ferric  oxide*  When  titaniferous  iron  is  heated  to  redness  with 
chloride  of  caleium  and  charcoal  powder,  the  whole  of  the  iron  which  doea 
not  e?caf>e  with  the  chlorine,  appears  to  be  reduced  to  the  metallic  state; 
for  the  fused  mass  dissolves  in  hydrochloric  acid,  with  rapid  evolution  of 
hydrogen  gas  and  separation  of  a.  red-brown  powder,  consisting  of  titanic 
acid  of  the  rutile  variety.  (Wohler  &  Liebig,  Fogg.  21,  578;  also  Ann, 
Fharm.  34,  135.) 

m.  Ilmenite, — FeO,TiO*  with  variable  quantities  of  Fe'O*.  Acute 
rbombohedrons  {Fig.  1 51)^  with  the  angles  of  iron-glance.  (G.  Rose,  Fogg^ 
9,  2HG.)     Sp.  gr.  4-765  (Kupffer);  4*780  (Breithaupt). 

FeO,TiO*  crystallizes  in  acute  rhonihohedrons,  the  same  aa  those  of 
Fe^O*  in  iron-glance;  the  two  minerals  appear  therefore  to  be  isoraorphons. 
Iron  and  titanium  crystallize  in  forms  belonging  to  the  regular  system; 
it  may  therefore  be  assumed  that  monotitanate  of  ferrous  oxide 
=^FeO',TiO-=Fe;Ti,0^  is  isomorphous  with  Fe^O^=Fe,Fe,0^  This 
explains  wliy  FeO,TiO*  so  often  occurs  mixed  with  ^f::Ty  variable  quan- 
tities of  Fo^O\     (Mosaader.) 
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cryitalUiie  fonxu  (Kobell,  Sdm,  M,  245.) 
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Analyses  of  tituniforous  iron,  whidi  do  not  admit  of  etoVcliometric 
ilculation,  because  the  proportion  of  protoxide  to  eesquioxide  of  iron  in 
bom  Las  not  Wen  correctly  determined , 
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a.  TUanlferonj  Iron  from  Pny  a  Volay.  (Cordier.) 

6.  From  Tencriffe.  (Cordier.) 

e.  From  Niedermennicb.  (Cordier.)     a,  to  c,^  octohcdraU 

€?•  From  the  sea-sand  c*f  the  coast  of  Finland*     Attracted  by  the  mag- 
net.     Sp.gr.  4'545,  (Klaproth.) 

c.  From  the  eea-i>and  at  Warucniunde  on  the  Baltic*  Attracted  by 
the  macnet,     Sp.  gr.  3*153  [?]  (Mohl) 

/.  /serine,  from  tlie  Vale  of  the  Icfor,     Sp*  gr.  4-545.     Some  graioa 
of  this  mineral  are  strongly  magnetic;  some  «lightly,  others  not  at  alL 
/Klaproth.)     Oetohedrons* 
K    a.   The  same.  (H.  Roi^v) 

H    A*  Menaccaniie,  from  Cornwall     Square  priBras.  (Chenevix.) 
m     «.  The  same.  (Kiaproth.) 

"  jt.  Nigrint,  from  Olilapian.  Sp.  gr.  445,  Not  fusible  before  the 
blowpipe.  Saaare  priBms,  of  a  reddish-black  colour,  translucent,  and 
exhibiting  a  blood-red  colour  at  the  edges.   tKlaproth.) 

The  octohodral  varieties  of  titaniferoua  iron  should  perhaps  be  regarded 
aa  ma^etic  iron  ore,  Fe^O*,  in  which  a  |iortioii  of  the  iron  m  replaced  by 
titanium.  This  yiew  m  supported  by  the  following  aualysii:,  by  Ram- 
in  cl«?berg  {Pogg,  53,  129),  of  tlie  ao-called  mitguetic  iron*ore  in  the  biisalt 
of  Uskel  :  ior, 

4FeO,2Fc3C>»,Ti02  =  SFe^Ti  +  120  =  f>  MeUl  t  12  Oxygen  =  3:4. 
yhe  same  formula,  probably  belonga    tu  the  analyses  «,  />,  c.  in  the  pro- 
ceding  table,  whereas  iserine  \a  pr*jbably  2FeO,TiO',  which  would  retjuire 
pntaiu  63"<j3  p.  c,  feiTous  oxide  and  36'3G  titanic  acid.  (Gmelin.) 

Rammrlsberg. 
39-16 
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C.  TiTA^^ATE  OF  Fehric  Oxide,  or  Fkuutc  TiTJLNATE. — When  fioiftj 

poundetl  titaniferoiis  iron  is  very  strongly  ignited  with  eeveral  tioiea  it* 
weigUt  of  cbloridt?  of  calcium,  and  tbe  fused  mass  fr<?ed,  first  from  cUloridtf 
of  ilcium  and  chloride  of  iron  by  digestion  in  water,  and  then  frwn 
titanate  of  lime  by  strong  bydrocbloric  acid,  titanatc  of  ferric  oxide  ii 
left  behind,  in  the  form  of  long^  thin,  opaque,  non-magnetic  needlea, 
having  a  dark  steel-bine  colour  and  strong  lustre.  They  dissolve  readilf 
in  red'bot  melted  biaulpbato  of  potash,  forming  a  yellow  liquid,  wbict, 
after  solidification,  diesolves  perfectly  in  water.  Tbe  cryatala  saffer  m 
alteration  by  ignition  in  air  or  chlorino  ga^,  or  by  boiling  with  oil  vl 
vitriol  or  strong  hydrochloric  acid*  (Wiihler  &  Liebig,  Fog^.  21,  578.) 

D,  BlFLlTORIOE  OF  TiTANTEJM    with   SbSQUIFLUORTDE    OP    iROy.— Tk 

yellow  aq neons  mixture  of  tbe  two  aalts  yields,  by  spontaneous  evaport- 
tion,  a  yellow  syrup,  and  then^  by  evaporation  at  a  gentle  heat,  a  f»^ 
yellow,  crystalline  ma^  of  salt,  which  m  decomposed  on  being  i^n  di*- 
solvcd  in  water.  (Berxelios.) 


Iron  jlni>  Tantalum. 

A.  Taktalide  of  Iron.^ — Formed  by  igniting  tantalic  oxide  vit^ 
iron  filings  in  a  chanxml  crucible.  Imperfectly  fused  niet&l,  reiemblio? 
cast-iron,  but  not  crystalline  at  the  fracture.  Scratches  glass  ;  hrittltt^o* 
difficult  to  break  in  pieces;  yields  a  dark  brown  powder.  Hydroclilonc 
acid  slowly  extracts  tbe  iron  from  it,  leaving  the  tantalum  in  tbe  fom  <^ 
a  grey  powder,  (Gahn,  Berselius  &  Eggertz,) 

B.  Tantalite  of  Ferrous  Oxide,  or  FERRors  Tantalitb»— f<wi^ 
lUe,  t^kklin^  a  cinnamon'Coloitfrd  powder.  Of  indeterminate  cryatillia* 
form  ;  sp.  gr.  7 '655.  Scratches  glass ;  exhibits  an  anevetiy  black,  ift^ 
copper-coloured  fracture;  opaque,  black,  and  possessed  of  a  higher  meUJIi* 
lustre  than  ordinary  tantalite.  Infusible  before  the  blowpipe,  Witii 
borax  it  fonns  a  green  glase^,  with  white  particles  Boating  in  it;  hut  th* 
solution  is  very  slow,  even  when  the  mineral  is  pounded  :  the  gl»« 
becomes  milky  on  cooling.  In  microrosmic  salt  it  dissolves  mt^t 
exhibiting  the  same  colours  as  ordinary  tantalite. 
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C.  Tantalatb  op  Ferrous  Oxide,  or  FEnRors  TAXTAUim— 
a,  BiboMic. — ColunibiU, — Crystalline  system  t!ie  right  prtsmatie.  B<^ 
rhombic  prisms,  with  the  lateral  edges  truncated,  and  uuroeiOQa  meetmi^ 
nation  faces,  Fi^,  74  (nearly)  and  other  forms.  if'  :  n=lW%(f^ 
f  :  l=r»f^^  Sp.gr  5'D  to  6 '46.  Scratches  glass.  Fractaf«  coaievM 
concboidal^  and  iiuperftctly  laminar.  Opaque,  with  mctallie  lw*w. 
greyish -blacky  prodncin^  a  clark  brown  powder.  It  is  Dot  magntcie,  i*^ 
after  ignition  with  charcoal.     Oefure  the  hlowpipei  it  beeoiiMi 
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rounded  at  the  corn  era;  dissolves  slowly  in  borax,  to  which  it  imparts  a 
blackish-green  eolour]  may  be  disintegrated  by  fusion  with  hydrate  of 
potash.  Fused  with  nitre,  it  forms  a  green  maaSj  from  which  water 
extracts  nianganate  and  tantalate  of  potadt. 
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6.  Monohaiic. — Ordinary  Tantalite. — Crystalline  system  the  right 
prismatic.  Right  rhombic  prisms,  with  truncated  lateral  edgee,  and  acu- 
minated with  numerona  faces,  fonr  of  which  belong  to  a  rhombic  octo- 
hcdron,  u*  :  «:=122°  54j  t  :  1=54"  4'.  Sp.  gr.  7'2(J4,  (Nordenskiold, 
Potjg,  50,  656.)  Fracture  uneven^  and  exhibitiug  tLe  metallic  lustre. 
The  mineral  is  black  and  opaque,  and  yields  a  black-brown  powder, 
which  becomes  coffee -coloured  wlien  rubbed  very  fine.  Infusible  before 
the  blowpipe.  With  carbonate  of  soda  in  the  inner  fiame,  it  often  yielda 
globules  of  till,  especially  if  a  little  bonix  be  added.  With  borax  it  fuses 
readily,  forming  a  clear  yellow  glass,  wlitch  becomes  milk-white  by  flaming. 
In  niicroeosmic  buH  it  dissolves  some  what  less  readily,  forming  a  brownish- 
ycdlow  glass,  which  becomes  yellow  on  cooling,  and  acquires  a  ycllowish- 
rcd  colour  in  the  inner  flame.  Disintegrated  by  fusion  with  hydrate  of 
pota»h.  Dissolves  in  red- hot  bi^ulphate  of  potash,  forming  a  reddish^ 
yeJlow  liquid,  Bolidifying,  as  it  cools,  in  a  white  mass,  which,  when  dis- 
eolved  in  water,  leaves  tantalic  acid  (together  with  stannic  acid).  Not 
attacked  by  acids,  even  strong  oil  of  vitriol  acting  on  it  but  slightly* 
(Gahn  &  Berjcelius,  Schw.  16,  259,  283  and  447.) 
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The  following  varieties  of  tantalite  arc  mixed  with  considerable 
quantities  of  tin-stone,  and  partly  also  of  wolfram:  the  sesquioxides  of 
manganese  and  iron  found  in  them  should  perhaps  bo  estimated  as 
protoxides. 
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IbOK   AXD  Tcr!fG0T13K* 

A.  TmraffTATC  of  Wwrnsunm  OxfOB^  or  nBuwcn  TcscostJifs. — 
n.  McfMUhm^MU. — Aqoeou  mcnwiiiiij^stite  of  poisMsK  j^Uo  witfc  naUnl 
foroat  Mils  a  Ugiit  brown  prmpttatov  wil]«i^  win  ImsIm,  gi'fa9  oil  hiif  iu 
wster  and  ft«iiiiioo  i^  ilarker  brown  colour;  19  not  deeoMpuoed  bj  coU 
milpbimcy  bydrocUonc,  or  nitric  acid,  bot  compleldj  at  a  boiling  lw4 
mtb  Bepnmlum  of  tongsttc  acid;  and  diast^TQB  m  boiling  pbo^itorie 
acid,  llkewi^  in  warm  oxalie  scmI,  in  wbidi  it  bms  a  ydloir  mvtio^ 
bnl  Li  not  soliible  in  water.  (Antlioa,  J,  pr,  C%c»t«  9,  343,) 
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To  lliis  bead  likewise  betongs  Wfiiftum,  in  wbicb^  bowoTor, 
a  larger,  aometiitiea  a  smaller  proportion  of  ferrous  itingsiaio  is  r^beai 
bjT  manganonfl  tongstate, — Crystalline  system  tbe  rigbt  prionaltc:  nrh 
tveiaa^nlar  prismj,  ^rith  tbe  mitnmit^  and  lateral  edges  tmncated.  • 
Aooordinff  to  Moha,  li  belonga  to  tbe  oblique  priamatio  ejatem;  : 
0§^  12^  Sp.  CT.  7*1  and  7*^*  Hfirdne^  t^tween  flnorspar  and  fekptf^ 
Opaqne,  witn  a  metallic  and  adamantine  lustre,  and  brownbb-libdc 
colfiur ;  powder  red  brown.^ — ^lo  a  charcoal  crucible  beated  in  a  blufr- 
furmice,  it  i«  reduced,  with  loss  of  40  to  46  per  cent,  to  a  perfectly  iinitil 
metallic  mnae.  (Vauqnelin.) — On  charcoal  before  tbe  blowpipe^  it  fuK* 
with  tolerable  facility  into  an  iron-black,  magnetic  globule,  exhilutii^ 
externally  an  ^gregation  of  laminar  crystals.  With  carbonate  of  wb 
on  charcoal,  it  is  rednccd  to  ton^&tidc  of  iron^  easily  separuted  by  Icvij^ 
tion,  DLsfiolvee  with  tolerable  facility  in  borax^  exhibiting  the  iron  na^ 
tion,  aisd  easily  in  microcosmic  salt,  forming  in  the  on  tor  flame  a  gieen, 
and  in  the  inner  n  dark  red  glass,  which  is  opaque  oren  with  a  anaU 
quantity  of  wolfram,  turns  green  if  fused  ivith  tin  for  a  sboi  i  '  ai 
reddish  after  a  longer  time. — Wulfram  may  be  decompose*!  by  >  lii 

by d rated  carbonate  or  bisiilphato  of  potash^  likewise  wit^  Giilorid^  ^ 
calcium.  When  the  decomposition  is  effected  by  bydnito  or  eafbootitt 
of  potash,  the  products  are  twngstate  of  potash,  whicb  may  be  cxtncte^ 
by  water,  and  a  residue  of  oxidized  iron  and  mnganese:  bi<^nlphate  of 
potatfh  yields  solni>le  salts  of  iron  and  manganese,  and  a  r*  njocalie 

acid;  cfdorido  of  calcium  produces  soluble  chloride  of  iron  ^riJeo^ 

mangtifiese,  and  in*<oluldo  tunj^tute  of  lime. — With  hot  uil  uf  vitriol 
Wolfram  forms  au  indigo-coloured  solution,  which  loses  it«  coloor  io  'J'" 
air,  and  deposita  whito  flakea.  (Scha%otj$ch,) — Hot  bydrodiloric  00*' 


WOLFRAM. 


SM 


tdigested  with  pounded  wol/ram,  slowly  exiracta  the  oxidea  of  iron  and 
2J)an|u^ane6e,  and  leaves  the  timgBtic  nciJ  iu  tbe  form  of  a  yellow  powder. 
When  pounded  wolfram  is  digested  with  strong  hydrochloric  acid  id  clotQ 
re^tiel^,  the  acid  disjfiolves,  besidts  the  iron  and  manganeec,  a  email  quan- 
tity of  totigstic  acid — which  is  precipitated  on  the  addition  of  water — 
and  leavea  a  swollen,  dirty-hlue  powdtTj  which  lurue  ycUuw  in  the  air, 
and  gives  up  iU  protoxide  of  iron  to  hydrochloric  acid,  and  its  tongstic 
acid  to  ammonia,  but  not  till  the  protoxide  of  iron  haa  been  converted 
into  seaquioxiile  by  exposure  to  the  air.  (Ber/^elins,  Schw,  16,  478.) 
[For  other  observattoDS  relating  to  thia  subject,  see  below:  Margiieritto 
and  Ebelmon  J  The  mineral  is  decomposed  by  strong  aqua-regia  moro 
nuickly  than  oy  hydrochloric  acid;  tlie  small  quantity  of  tung^tic  acid 
aU&olTed  in  tho  liquid,  is  pri^cipitated  together  with  iron  on  the  addition 
||»f  water.  (Vau^ueUn^  ^n?».  Ckim,  Fhy^,  30,  194.) 
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a.   is  Wolfram  from  Ehrenfriedersilorf  j — 6*  from  Monte  Video,  ep.  gr. 

7 '5 44; — c.  and  d,  from  Limoges, 

L  Bcntiliuf.               Schatfgatseli. 
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is  Wolfram  from  Cumberland;—/  from  Chantelonpe,  sp,  gr.  7'437; — 
g,  from  the  Departement  do  la  Haute  Vicuiie.     The  sesqnif^^ides  of  iron 
Aod  manganese  fnund  by  Vauquelin  {J.  Chim,  Mid,  1,  244)  are  reckoned 
K  Ihe  table  as  protoxides. 
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P  Count  Schaffgotfich  {Fogg*  52,  475)  regards  wolfram,  not  as  tungatate  of 
terrous  oxide  (and  manganoue  oxide),  but  as  a  compound  of  tungatous  oxide 
(IV.  25)  with  ferrous  oxide  (and  manganouB  oxide)  =  (FeO;MnO)  WO', 

K cause,  if  the  tungstic  acid  olitaincd  in  the  analysis  be  reckoned  as  such 
d  not  as  tungstouB  oxide,  the  result  is  4  or  5  per  cent,  hi  excess.     Tlds 
excess^  however,  does  not  occur  in  all  analyses  of  wolfnuu;  and,  more- 
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B.  Carbide  of  Tungsten  and  Iron, — Tiingatic  acid,  beated  in  tlie 
llbrge-fire  witli  ca8t-ir<jUj  yields  a  brownish-wliitej  hard,  granular  com- 

aund.  (Dd  Lujart) 

C.  Ferrous  Sulphotungstate. — FeS,WS^. — Ferrous  sulphate  forms 
a  deep  yellow  solution  with  sulphotungstate  of  potassium. 

D.  Ferric  SuLpnoTUNosTATE. — Fe'S^3WS\^ — Aqueous  sulplicitung- 
statc  of  potassium  yields,  with  ferric  salts,  a  dark  brown,  bulky  precipi- 
tate^  which  dries  up  to  a  Uver-ooloured  mass,  (Berzelius.) 


Iron  and  Molybdenum, 


I  A.  MoLYBDiDE  OF  Iron, — ^Bluish-grey,  hard,  Lrittle,  fine-grained, 
Biagtietlc;  fuj^ible  before  the  blowpipe,  when  formed  of  equal  parts  of  the 
two  metala,  but  not  when  formed  of  2  pts,  molybdenum  and  1  pt,  iron. 

Many  samples  of  pig-iron  likewise  consist  of  iron  alloyed  chiefly  with 

molybdenum;  a.  Pig-iron  from  the  upper  works  at  Eisleben,  obtained  in 

the  fusion  of  bituminous  UKirl-slato  in  snielting-furnaccs. — a.  Fine  grained. 

— 0.  Coarse-grained.  (Heine,  J,  pr,   Chem,   9,    176.)— 6.  The  so-ealled 

Magdeburg   meteoric    iron,  containing    slag   mixed  with    hronze-yellow 

oopper-cinder;  probably  the  pig  of  iron  from  a  copper -furtiacc. — a.  is  the 

analysLB   of  a   fine-graiued   sample,  ^.    of  a  coarse-grained   sample,  by 

^  Stroroeyer  (Foff^.  28,  551);^ — y.  is  the  analysis  by  Wehrle,  {ZeiUchr.  Ph^s, 

B  V*  W.  3,  168.) — Pig  of  iron  found  in  the  neighbourhood  of  the  rolhe  liuite 

^  in  the  Harz,   examined  by  Wiggens.  {Pogg,  28,  5^5,)~^d,  Pig  of  iron 

found  underground  at  Lauchstadt.  (Steinberg,  /.  pr,  Ckem.  18,  37^.) 
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B.  MoLYDDATE  OF  Ferric  OxiDE,  OF  Ferric  Molybdate, — ^Hydro- 
chlorate  of  ferric  oxide  gives  a  brown  precipitate  with  molybdato  of 
potash.  (Scheele.) 

C.  Ferrous  Sulphomolybdate.— FeS,MoS^. — Formed  in  the  pre- 
paration (J)  of  sulphomolybdate  of  potassium,  its  formation  being  due  to 
the  iron  contained  in  the  native  sulphide  of  molybdenum.  (IV.  57.) 
When  iho  greater  piirt  of  tlio  sulpliomolybdate  oi  pota.'jhiium  haa  been 
removetl  fruni  the  ignitcil  mans  by  vvaterj  ibo  iron -com  [^ound  likewise 
dissolves  and  iraparta  a  deep  wine- red  colonr  to  tbe  liquid.  On  evaporat- 
ing this  solution,  the  iron-compound  is  precipitated  in  the  form  of  a  black 
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A.  r«Mifair  ^  r^mw  aMlr^.-PemM  Mlla  yidd  wjlli 
TiaiiBaii  if  ptHUt^  a  4ttk  fiwhfc  Wana  piKipltate^  wbidi  dl 
ia  Wiuiiilwi*  acid»  At^ar  a  greoa  wlatioa^  mod  akeald  p«ifcm  ^ 
iCfanM  aa  iwa&to  aT  feme  aside.  Witk  btvamfiate  of  poUi^ 
Iktmi  mhB  jidd  a  gnoa  apecipitala  wkiek  giailaallT  tvmi  graft  ^ 
after  14  Wai%  Ituiai  yaUw  aad  cratyiiae,  the  liqmd  at  i^  «t 
m  a  greaa^  aad  tbiB  a  jeiiow  moar.  ( 


R.  TakaMais  ar  Itease  Ozhb^  or  Ftaaic  Vaxadute.— Vol 
Tiaaifiiie  «f  pataA  fceoH^  wUk  femalfbate  of  ferric  oxide^  a 
jallaw  pmsfiiate  sBghily  iildlli  in  water.     Bhraaadnle  of  j^feeA  lOn- 
viee  ipTes  a  elraw^piellevr  |Wicl|iiun<,  arludi  kowerer  aooo  eumaKi  e 


Ia«Hi  AXB  Cbbomxtm. 


A.  CoBomc  Oxms  wim  Febbocb  Oxxsil — ^CAi^Mnc-tr^a^orc.*- 
Begtikr  octokedroa&  (Isoaior|iboaa  inidi  ^ineDei  GaliaitOi  Ma|(^ 
Ircm, a^eikaile,  aad  Piaakfiiute.)  S|k  p.  i^  te  45.  Hatdncai  beivNi 
apatito  aa<d  idUfor.  Oaaaae>  with  ceini  »elallic  lostfv*  CotiMir  vai]ritf 
from  ifoa-Uack  to  Uacldsli-ffej  ;  powder  Wown.  Not  niigiiaiifr,  or  Nl 
illgfcllj  ee.-i-Tlw  fcnwai  ox£le  ooataiaed  m  tlie  ndaetal  amy  W  twlmtd 
to  ibeieolallk  state  l^^ilMklgrdzte^gfttgaa.  (H.  Reae,/>M(.  15ySTl) 
la  Uie  iaaer  Uovpipe-lbtte  il  becoaiee  Mmetie  witJMHit  £iti^.  X«t 
titaeked  hj  evlioiiata  of  aoda  on  idalntina  (aeonrdiof  to  AUA^  tt  lom 
tliefevttk  a  Tvttow  efa^  ooatatatag  dmanta  of  tocU)*  HeiUed  «dfc 
"mrbonate  of  £oda  on  ckaicoaj  in  line  bu»er  Uovpt|#^flam^  It  jrioMt  k^i 
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diJSolTeB  slowly  but  completely  ia  borax  or  tniciocosmio  salt,  produoiag  » 
colour  due  to  tlie  irciUj  wbicb,  however,  on  cooling  (even  when  the  quan- 
tity of  chromchiroa  ort;  is  very  email :  Ahkh)^  gives  place  to  the  emerald- 
green  ofchronik  oxide;  the  latter  colour  is  most  apparent  after  heating 
the  bead  in  the  inner  fiarac,  especially  with  the  adJitiou  of  tin.  (Ber- 
zeliufl.) — The  miacral  gives  up  but  a  trace  of  iron  to  boiliag  acids.  Wlxcn 
heated  to  redness  wttli  tiitro,  it  i^  convorted  into  ferric  oxide  and  cbromato 

»#f  potaah,— Chrome- iron-oro  is  FeO,Cr^O*;  but  part  of  the  ferroua  oxide  ia 
i^^^lacftd  by  magnesia^  and  ]»art  of  the  chromb  oxide  by  ftliimiuo,  and 
perhaps  also  by  ferric  oxide; 

H  a  ifl  crystallked,  b  mASfitye  Chrome  -iron^ore  from  Baltimorei'^in  Abich'i  calcn- 

^^latlons  of  the  per  ccntatje  of  the  analjrsts  a  and  h  {Popff.  23^  336)  certain  erron  occur, 
which  have  been  rectified  in  tlie  preceding  t«ible. 

The  following  analyses,  in  most  of  which  the  magnesia  seems  to  have 
been  overlooked,  cannot  be  reduced  to  exact  calculation: 
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257 

..       15-19 

13-23 

siO^ 

0-83 

1692 


100-00 


97-64 


I 


Bcrthier, 


Heybert. 


Liiugter, 


mo 

MoO 

Al*0» 
HO  ,.. 


35-0 
51-6 
10-0 

a*o 


36-00 
39-51 
13-00 
10-60 


trace 

35-14 

51-56 

9-72 

2-90 


1 
34 

53 
11 

1 


5-36 

25-66 

54-08 

9-02 

4-83 


Klaprotb. 


33-0 

55-5 

60 

2-0 

2-0 


99-6 


99-11 


99-32 


100 


98-95 


98-5 


H  and  b  ire  Chrofne-tron-ores  from  Baltimore; — c  from  Fenoiylvttnia ^- 
fSilieriA-, — «  from  Eocraaa ;—/ from  Kriegladu 


firona 


B.  Chromic  Oxide  with  Ferric  Oxibe. — Chroraate  of  potash  gives, 
with  fiiilpbate  of  ferrous  oxide,  a  yellowish-brown  precipitate,  which  does 
not  yielu  chromic  acid  to  caustic  potash^  but  diij.solves  partially  in  nitrio 
ircid^  forming  a  green  solution.  (Vai]i|ueliti.} 

C  CiinoMATE  OF  Fkruic  Oxide,  ot  FEjiurr  Chromate. — cr.  BaHc, — 
Brown  powder,  which  by  wati^r,  especially  wljeu  hot,  is  resolved  into 
soluble  chromic  acid  and  juKohtble  ferric  oxide,   (Maus.) 

b.  With  4  AL  Acid. — Aqueous  chromic  at? id  digested  with  excess  of 
hydmted  ierrio  oxidei  yields  a  brown   eolutionf  which  contains  74*04 
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oh  attacbes  itaelf  closely  to  anytliing  on  which  it  ia  rubbed,  and 
(ly  attracted  by  the  mafjiiet.     The  specific  gravity  was  found  by 

it  to  be  3TG;  but  this  is  too  low.  It  maybe  considored  as 
ftic  iron-ore  in  which  about  half  the  ferrous  oxide  ia  replaced  by 
Bious  oxide,  which  is  i^omorphous  with  it»  The  analysia  of  three 
iros  gave  the  following  resuita: 


bliPO* 

(1.) 
66^71 

;    1711    I 

'  >       traces 
\           1-34 

(2.) 

.Z        13-65        !*!! 
17*62 

traces 

157          Z[ 

,     il 

mto 

14'09 

BliiO 

CoO 

eo» 

Water    

16'2& 
trace 
009 
trace 

Bmdt  &c  „ ... 

2-34 

9B4& 

\  epecimens  (2)  and  (3)  contained  small  quaDtitiea  of  gold.  (Genth. 
.  Harm,  06,  277.)  H 

Cahbide  op  Manganese  and  Iron. — Manganese  unites  readily 
I  steel-     The  compound  poasesaes  ^reat  malleability  at  high  tempera* 
s,  but  is  very  brittle  when  cold.     It  exhibits  very  plain  and  perfectly 
I  irk  Damascus  figures.  (Breant) 

D,    PHOfiPllATE   OP  MaNQ ANGUS  OxiDE   AND    FeRROUS  OxTDE,^ — Majl- 

h/nrous  Fko/pkaie.--^^.  Qimdroba9i€.^Triplit€y  F/tospk^rmanffin. 

laseive,  having  a  flat  conchoidal  fracturCj  and  specific  gravity  =3*43. 

ier  than  fluorspar;  translucent  at  the  edges;  exhibits  a  faint  waxy 

k lustre;  colour  varying  from  pitch-black  to  clove-brown;  powder  yellowish- 

rev. — -When  heated,   it  gives  oft*  a  email  quantity  of  water  containing 

1  vJrofluoric  acid.     Fnsea  readily  on  charcoal  before  the  blowpipe,  efler- 

cing  strong! Vj  and  yieldinga  black,  nietallic-Hhining,  strongly- magnetic 

3,  which,  when  heated  with  carbonate  of  soda  in   the  inner  flame, 

fjnelds  a  large  quantity  of  phosphide  of  iron.     With  carbonate  of  soda 

[on  platinum,   it  yields  mineral   chameleon.     Dissolves  easily  in  borax, 

exhibiting   the   reaction    of   niaaganeso    in   tho   outer,    and   of  iron   in 

the    inner   flame, — ^In   mierocosmic  salt  it  dissolves   still  more  readily, 

scarcely  exhibiting  the  latter  reaction,  and  requiring  very  long-continucil 

and  gradual  treatment  in  the  outer  flame  to  make  it  exhibit  tho  reaction 

of  manganese.     Easily  soluble  in  hydrochloric  acid.  (Berzelius,) 


4MnO  ....t4...«,«tf..**^tt«fM.. 

144  0 

1400 
142-8 

Tnpliti, 

....      33^74 
....       32-80 
...      33^46 

Berseliiis. 

32-60 
31^90 

2PO*           ..„ 

3CaO.PO*    

32-78 
3-20 

4MnO,PO*  +  4FeO,PO' 

42G'8 

...     lOO'OO 

.....       100-48 

» 


ie  triplite  of  Limoges,  when  heated  with  oil  of  vitriol,J  etches  glass  so 
8troDgly,  that  it  might  be  supposed  to  be  allied  to  iron-apatite.  (Gmelin,) 

h.  TerbaMic,—^.  Tnph/nne.^3(U0 ;  MnO;  ^eO)PO^  or  more  exactly: 
3(i^LiO,  j'yMnO,  >|FcO)PO*,  Crystiilline  system  the  oblique  prismatic. 
The  cleavat,'"e-p lanes  indicate  a  form  like  Fi(/.  85,  without/-  and  o-faces^ 
w' :  w  =  132°  nearly.     Cleavage  distinct  parallel  to  i  \  leas  dAElmtl  i^tj^^ 
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moN. 


to  u  and  L  Sp.  gr.  3*6  j  Iiardneas  less  than  that  of  apatite.  BUjrtitlT 
transliioGnt,  with  a  tolerably  sfcrong  waxylastrc;  f^reeoish-grey,  bluish 
in  placoa;  powder  g^reyi-sli- white.  Gives  off  a  small  qoantity  of  water 
whon  heated.  Decrepitatos  before  the  blowpipe,  and  then  fosea  rerj 
easily  and  quietly  to  a  dark  BteQl-grey,  magnotio  bead,  at  the  same  time 
imparting  to  the  flarao  a  pale  bluish-grepn  colour,  rcddi^^h  at  intenralf, 
and  after  moisteniTig  with  snlphiiric  acid,  a  deeper  blae-grcen.  When 
fused  on  platinum  with  carbonate  of  mda,  it  exhibits  a  alight  inaoganose 
reaction;  in  borax  it  dissolves  with  tbo  reaction  of  iron.  Gives  up  phos- 
phoric aeid  to  caustic  potash.  Easily  soluble  in  hydrochloric  acid ;  the 
solution  evaporated  to  dryness  and  boiled  with  alcohol,  imparts  a  pnrplo- 
red  colour  to  the  flame  of  the  alcohol.    (Fachs,  J.  pr,   Ckem,   3,  08; 

Fuchs. 


2IJ0 

TriphuUi 
28-8       .... 
36*0 

3-42 

4*28 

4989 

42-41 

RabeniteiD, 

3.40 

4-70 
48-57 
41'47 

0*53 

O'fiB 

Of: 
345 

4*75 

12FeO ,„ 

420-0 

49-Ifi 

SiO^ 

HO  

......       357  0       ,  . 

42-64 

841*8 


100*00 


99  35 


lOO'Ol 


3.  TdraphyUn€QTP€row8hine,—^lAO;  MgO;MnO;FeO),PO*,  o?i 

exactly:  3(J^LiO,^V%^'s^x^°^iH^e^)P<^*-— ^"^^^"^  J^^^^'  ^^^^  '^^^ 
— Reaetnbles  triphyline  in  its  outward  aspect,  but  its  fracture  is  yell 
when  fresh,  and  gradually  blacks  us  by  exposure  to  the  air.  It  likow 
gives  a  stronger  manganese-reaction  lieforc  the  blowpipe.  With  carbon 
of  soda  on  platinum,  it  colours  the  blow|)ipC'flarae  red.  "^^th  bor 
acid  and  iron  wire,  it  yields  phosphide  of  iron.  (Berselina  &  Nordei 
kiold,  Fo^g,  36,  473.) 

Telraphylmi* 

^.„...,       100"8  ,  8-03 

.M.«b..         20-0       ,„....  1-59 

.„.„.-,       1440       ......         n-47 

..^,».„       420*0       „..„,         33  43 

571-2       ,         43*48 


7LiO 
MgO    . 
4MnO 

l2FtiO 
8P0^ 


1250^0 


100-00 


Berselhu  Ik  Nor 

., 82 

1*7 

.  lai 

38*6 

42-fi 

103'2 


y.  /rort-/i«a<tte,— 3r3(MnO;FeO)PO^+FcF,  or  more  fully:  3Mo 
PO*-»-2(3FeO,rO')FeF.— The  cleavage-plauea  of  the  imperfectly 
tddlised  ma.*i<  appear  to  correspond  to  a  t^ix-sided  prism.  Sp,  gr.  3'i 
HardnesB  equal  to  that  of  apatite.  Has  a  waxy  lustre,  and  cluve-bm^ 
colour.  Decrepitates  before  the  blowpipe  and  fuses  readily,  with  intiii 
cscence,  into  a  metallic  shining,  bluish-black,  strongly-magnetic  global 
Dissolves  easily  in  borax  and  in  microcosmic  salt.  With  heated  oil  ' 
vitriol,  it  gives  off  hydrofluoric  acid.  Warm  hydrochloric  acid  di»*olr6i 
it  with  facility*  (Fuchs,  J.  pr,  Chem.  18,  4&9.) 


.»f***«t«i*«.*«.ii 


109*0 
210*0 
2140 

270 
18-7 

&77'7 


Xron^apatite^ 


lOOOO 
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Behlc 
^  Am 


€,  5  atoms  ofB(ue  to  2  atoms  of  Acid, — a.  Hetepont€, — 5(MnO;  FeO), 
2P0*H-2  At|.  %  [Dt>c8  it  not  likewise  coDtain  lithia  f\ — Laminated  mass, 
having  thre«  planea  of  cieava*2:0j  which  mdicate  a  rhombic  prisni  whose 
lateral  dihedral  angles  arc  ahout  IOC  and  80"*.  Sp.  gr.  of  tho  unaltered 
tnineral  3^524;  of  the  samo  altered  hy  weathering,  3*390,  Scratches  glaas 
but  not  quartz.  Has  a  faint  waxy  lustre,  and  a  greenish-grey  colour 
inclining  to  bloish-grey ;  tlie  faces  wliich  are  exposed  to  the  air  exhibit  a 

mi-inetallic  lustre  and  violet  colour.  Before  the  blowpipe  it  fuses  into  a 
k  brown  globule^  having  a  senii-metallic  lustre.     Dissolves  in  hydro- 

loric  acid  with  the  cxcejition  of  a  small  quantity  of  silica*  (Diifiinoy, 
An7i,  Chim.  Phys,  41,  337;  abatr.  l^o^ij.  17,  495.)  In  its  primitive  state 
the  mineral  yields,  sometimes  a  g^rcy,  sometimes  a  yellow  powder;  after 
weathering,  it  yields  a  violet  powder.  With  hydrochloric  acid  it  evolves 
clilorine,  and  nmst  therefore  contain  free  manganic  oxide,  (Vauquelin, 
Ann,  Chim.  Fkgs,  30,  2i*4.) 

Hetepozite, 

hUnO IBO'O      ....       17-78 

lOFeO 350-0       ....       34-57 

ePO*    « 428-4       ..,.       42-32 

fiHO    ».„.. ^        64*0      ...         6*33 


iiO^.. 


Dufr^aoy.  Yauquetio. 

17-57         ....         ie-5 

34-89      Fe=0»      33  5 

41-77         .„.         60-0 

4-40         ,...  6-0 

0-22         ....  2-5 


1012-4 


100-00 


98-85 


107-5 


0.  i7wrau/^€.—5(MnO;  FeO),  2P0=  + 8 Aqt— Crystalline  system  tho 
Tight  prismatic,  Fig.  99,  sometimes  with  the  ^-face.  u  :  t/'=C2''  30'; 
»  :  a=80'.  No  cleavage-planes.  Fracture  couchoidal,  Sp.  gr.  2*270. 
Harder  thau  calcspar^  transjarent,  and  of  a  byacinth-red  colour.  Gives 
off  water  when  heated,  and  fuses  very  etisily  before  the  blowpipe  to  a 
black  globule,  having  a  scmi-tnetallio  lustre.  (Dufrenoy,  Ann,  Chhti, 
Phy9,  41,  337;  abstr.  Fogg,  17,  493.) — White  with  a  tinge  of  rose-colour. 
'  Vam^uelin;  Ann,  Chim.  Phgs.  30^  294.) 

VaaqtieHn. 


ISMnO 
5FeO  


Huranlite. 

i>^00  34*30 

l/5'(}       .  1112 

571-2        ..       3G'29 
28B0  18-29 


Dnfrcnoy. 
32^85  ) 

IMO  Fc=03/^^^ 
38*00  .„,  32 -B 
Ifi'OO         ..,.         200 


1574-2 


10000 


99-95 


100-0 


E.  Phosphate  of  Fkriuc  Oxide  a^b  Manganic  Oxide^  or  Manga- 
flco-FKRRic  Puo&FiiATE. —  Weaihtrnd  Triphyllm  or  the  so-called  TriplU 
0/  nodmmaU,—U{M}i'0^;  Fe^O')  4PO*  +  5Aq, 


Fudjs. 

IMq=0' 

ftO'O 

,.       1000 

8-a4 

^cW    , 

3900       . 

...       48-71 

48*17 

iM#  ^ 

..;...«.        2S6^ 

...       3667 

35  70 

^Bo 

450      . 

6-62 

5-30 

SjO*    „ 

1-40 

r 

800-6       . 

...     lOO'OO 

99-51 

Iron  and  Arseni€. 


A.  Arsbnide  op   Iron.— a.  Bi-arserud^, — 54  pta.  (2  At)  of  iron 
riltngs  ignited  in  a  close  vessel  with   1 08  ptjj,  of  arsenic,  retain  73*44 
(Miearlj  1  At.)  arsenic  in  oombiuatiou.  (Gehlen.)    The  arsenide  oC  vtcv^ 


TW  6m  wM  ^mcijpiluuea  th%  bakmk 

I  mi  Ifa*  ■BBtofBi  bat  not  at  nil  from  tW  i«l* 

I,)    TUo  pHfcipiutd  ktmi  ^ 

3  acetate  rcqairefl  f 


FERROUS  ARSENUTB, 


'  ftrsenioud  acid,  1  part  of  arscuions  acid  dissolved  in  water  is  com- 
pletely precipitated  by  a  quantity  of  ferric  hydrate  containing^  from  10  to 
12  parts  of  the  dry  oxide;  the  precipitation  is  almost  complete  even  with 
a  smaller  quantity  of  the  liyarate.  (Buosen.)  To  precipitate  1  part  of 
arseuioua  acid  from  it.s  aqueona  solution^  6 '67  parts  ol  dry  ferric  oxide  in 
the  hyd rated  state  are  not  quite  sufficient^  and  10  pta.  are  more  than 

■  eufficietit.  (Guihourt,) 
The  precipitate  ohtainetl  by  the  firet  method  ia  hulky,  yellowish- 
Irown,  resembles  hydrated  ferric  oxide  in  appearance,  and  dries  up  to  a 
pitch-black  mass,  which  has  a  couchoidal,  waxy  fracture,  and  yields  an 
ochre-yellow  powder.  (Bunsen.) — When  heated  in  a  glasa  tube,  it  gives 
off  water  and  arsenic  us  acid,  but  a  portion  of  acid  always  remains 
behind  in  combination  with  the  oxide,  (Bunsen.)  The  ealt  obtained  by 
method  (2)  leaves,  when  ignited,  67  per  cent,  of  ferric  oxide  still  con- 
taining arsenic.  (Guibourt*)  The  residual  ferric  oxide  ia  free  from 
nic,  (Simon,  Foijg,  40,  442.) — The  stronger  acids  dissolve  the  salt, 
ith  eeparation  of  arsenious  acid.  Acetic  acid  has  no  action  on  the  salt, 
l^ren  when  recently  precipitated.  (Bnnaenj  vid*  Bunsen  and  Berthold: 
\4a9  Eismojtydht^drai  u.  n.  w,  Giitt.  1834.) 


Fe=03 ,.,._ 

AsCP , 

5HO  ,. ., 

312       . 
99       „ 
45 

..       68*42 

...       21-71 

9-87 

Bunsen* 

68-28 

2173 

»'99 

4Fe='0>,AiO^+5Aq* 

456       . 

.,*     100*00 

.....       10000 

fc*  Sesqui-arsenite  ? — ^Wben  green  vitriol  oxidized  by  aqua-regia  and 
nentTalized  with  ammonia,  is  mixed  with  a  saturated  solution  of 
arsenions  acid  In  hot  soda-ley,  freed  from  the  excess  of  arseuious  acid  by 
cooling,  there  is  produced,  after  12  hours,  an  abundant  yellow  precipitate, 

k which  increases,  if  the  supernatant  liquid,  as  it  becomes  acid,  is  again 
neutralized  with  ammonia  till  it  completely  loses  its  colour. — Deep  yellow 
■while  moist,  but  after  drying  it  becomes  ruby-red,  transparent,  bard,  and 
yields  a  yellow  powder.    The  salt,  after  being  dried  in  the  air,  loses  ll'O 
percent,  of  water  at  100^,     A  hundred  parts  of  the  salt  dried  at  100"^, 
give  off  at  a  red  heat  the  greater  parfc  of  the  arsenic  us  acid,  together 
I      with  a  small  quantity  of  water,  and  leave  38*82  parts  of  ferric  oxide, 
Btttill  containing  arsenious  acid;  by  longer  ignition,  this  quantity  Is  reduced 
^to  34*  m  parts,  but  even  then  tlie  residue  is  not  quite  free  from  arsenic. 
Hence  the  anhydrous  salt  must  be  regarded  as  2Fe^0*,  SAsO^  and  the 
salt   dried   in  'the  air,   as   2Fe''0',3AsO^  +  7Aq.     The  salt  gives   with 
caustic  soda  a  deep  red  solution  which  is  not  rendered  turbid  by  carbonic 
acid^  and  when  evaporated  leaves  a  reddish  residue,  perfectly  soluble  in 
water.  (Guibourt,  J.  Chim.  Med,  15,306;  also  i^*  Br,  ArcL  23,  60.) 

B  D.  Arsehiate  op  Ferrous  Oxide,  or  Ferrous  ARSEmAXE. — 
a,  Terbatic, — Arseniate  of  ammonia  foimi  a  white  precipitate  with  enl- 
phate  of  ferrous  oxide,  (Chenevix.) 

Chetievix* 

3PeO 105      ....       38-32 43 

AiO» 115       ....       41-97        38 

6H0 ,.,        54      ....       1971        19 
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Bibask. — The  white   precipitate   which    ferrous  salts   form    with 
ite   of  ammonia — the  composition  of  whicli,  whether  U\W%v<i  ^x 


^ 


(TiKliii^  JV9. 


Mthtl 

lie  add  6w 
Dinolvaiiiidilf  { 


i 
I 
1 


lis 


If- 13 


£A&  CIm^  M§m.  n,  411;  Mkmkr.  4,  144;  5, 10$) 


99*n 


lOHT 


I  the  n^bt  priVmatie     Rtgfci 
1  wiib  tiie  iacee  of  a  rliamUc 

lilQ90t»  ftpMrnir  pale  ^lue  br  irmtuimUed  1^^;  lus  a  vilMOOt  l«ll% 
ami  m   iiA  yttia  eoloar  iaeitniiig  (o  hrpwn ;  powder  groeilii^ 
Wbeti  litaaM.  It  fim  fi'^m  off  wmt«r  and  assumes  a  jn^nrMi-wli 

C^UowtVl  th^n.  on  tho  applkatiou  of  a  strckoger  kat^  it  i 

«ek  ik'^  I  fublimatc  of  arsenious  acid.     Before  ibi*  W«>*r|i»if 

'b»%wi  hk%*  cubo-ore.   (fiertelia&)     Wben  heated  out  of  <  ^ 

iivc^  nnt  1* voire  arseniooa  acid,  tmless  arsenical  pyritca  i  "^^ 

>     iiirte  op  arsenie  acid  to  caofitio  potaali;  diaaoly«t  n^/ 
I  ne  acid. 


PERHIC  AR^ENIATE. 


Skoroditf, 
70  10*31 

156  .       22S8 

34i      .  .       5081 

\m     ,        irr90 


Berxelius. 


3J'85 
50-78 
15"55 
0-67 
tnoe 


307 

BoussmgauJL 
Popnynn. 


PbO 


100*00 


lOl'BS 


101-t 


Bottmngftult  {Ann.  Chim,  Phys.  41,  75)  eBtimates  all  the  iroD  in  Skorodite 
fts  l«S()iiioicicte;  Berzelius  reckims  part  of  it  wb  protoxitip,  according  to  the 
formula  adopted  in  the  calculation  juat  given :  2FeO,AsO*H-  2(Fe*0',AsO*) 

F.  Arseniate  op  Fkhric  Oxtde,  or  Ferric  Aimeniatk. — a.  Sis- 
teen-bagic — Formed  by  boiling  h  or  c  with  excess  of  caustic  potash.  Brown 
like  hydrated  ferric  oxide,  Wheti  heateil  to  eomra en cin^'  redness,  it 
hibiU  a  peculiarly  irivicl  incandescence.  Doet^  not  give  up  any  acid  to 
<mii0ttc  potash.     Insoluble  in  ammonia. 


l6Fe=K>*,.. 

AsO  „ ».«., 

24HO 


7904 

7-28 

13-68 


Berxeliiu. 

79*6 

70 

13*4 


16PeiO>,A»0*  +  24Aq 157» 


XOOOO 


100  0 


I 


h.  Biboiic. — By  oxidating  bi basic  ferrous  arseniate  with  boilinj^  nitrie 
acid,   and   evaporating  or   precipitating   with   ammonia.      Insoluble    in 
.mmonia.  (Berzeliua,) 

White  Ironeifider  from  the  Fitr^teitsiollen,  near  Freiberg.     Kidney- 
',  soft,  knobljy  lumps,  almost  friable,  and  of  a  light  yellow-grey 
x;  thoy  have  a  coarse  can  by  frajctare,  and  adhere  somewbfit  strongly 
the  tongue.  (Freieskdien,)    This  ^ub.stancc,  when  heated  rather  strongly^ 
ves  off  a  large  cjujjotity  of  writer,  containing  a  trace  of  sulphuric  acid, 
the  same  time  ghriuking  together,  and  ns^suming  a  browuish -yellow 
iloor.     Continued  ignition  causes  it  to  cake  together  into  a  hlack -brown 
flittg.    (Kersten,  Schw,  53,  176.) 

Kersten. 

2F««0»   „»,,^,^, 136  41-16  40'45 

A»0*  .«,.^„,...«. 113  30-34  30  25 

12HO ,..„ 108       .  28-50  28-50 
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€,  Setqm^arBmiaU, — Tersulphate  of  ferric  oxide  3ri6lds  a  white  preci- 
pitate with  diarseniate  of  soda: 

2FeK:i»  +  S(2NaO,  AiO«)  -  2Fc503,3AbO*  +  ONaCl. 

According  to  Pfaff^  the  same  precipitate  is  produced  by  mono-arseniate  of 
potiisfa*  When  heated,  it  gives  off  its  water  and  turnj^  red,  and  at  a  low 
fed  heart  exhibits  a  feeble  glow;  after  cooling,  it  appears  more  yellowish 
%haii  it  originally  waa.   (Ber^eliu^.) 

Anhydrout. 
2Fe»0'                                       156  31'15 

SAfO* 345  rj8'85 
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IRON  AND  ARSBl 

4(Fe*0*,S0*)  4-  2Fe'0^AB0  ^  45  Aql— If  the  sulphuric  acid,  together  with 
*  water,  can  bo  regard*  ' 
2Fe=0\AsOHl2Aq. 


a  certain  quantity  of  water,  can  be  regarded  as  an  accidental  ad.mixtnre, 
ihe  formula  will  be 


■  H .  A Rs ENT A TE o F  Ferhtc  Oxidean&Lime.  — Fernco-calctc  A nen iaie* 
— Arseniosidmie  from  Romatieclie.  Fibrous  ;  sp.  gr,  3%52  ;  crumbles 
between  the  fingers.  Colour  brownisb-yellow,  becoming  darker  by  ex- 
posure to  the  air.  Fuses  very  easily  before  the  blowpipe.  Contains  : 
KO  0"70— CuO  8-43— Fe^O* 41*31— Mn-OM '20— AsO^  34-25— SiO'  4*04 
—HO  875  (loss,  1M6),  (Diifrenoy,  A\  Ann.  Chinu  Fhjs,  7,  382;  also 
J.  pi\  Ckeni.  28,  315.)  The  analysis  does  not  lead  to  auy  satisfactory 
formula. 

H  I*  Ferbous  Sclpbahsekitb. — The  solution  of  disulpharsenite  of 
eodinm  gives,  with  neutral  ferrous  salta,  a  precipitate  which  is  black- 
brown  in  the  fresh  state,  and  dissolTes  in  an  excess  of  the  swlium-salt, 
fonulng  a  brownish-yeOow  solution.  The  precipitate,  when  dried,  is 
converted  into  a  greyish-brown  mixture  of  ferric  oxide  and  ferric  sulph- 
arsenite  (K),  aud  afterwards  yields  by  distillation  sulphurous  acid  aud 
sulphide  of  arsenic,  while  sulphide  of  iron  free  from  arsenic  remains 
behiDd.  (Bcrzelius.) 

K.  Ferhio  SnLPOARSENrTE. — Ferric  salts  form  with  bibasic  eulph- 
arsenitc  of  sodium— the  liquid  retaining  a  greenish  colour — an  olive-green 
precipitate,  which  dissolves  in  excess  of  the  re-agent,  fonning  a  black 
solution.  After  drying,  it  fuses  readily,  and  solidifies  in  the  form  of  a 
yellowish  translucent  mass,  which,  as  before  fusion,  yields  a  greenish- 
yellow  powder.  At  a  red  heat,  it  leaves  sulphide  of  iron  free  from  arsenic* 
(Berzelius.) 

■  L.  Ferrous  SuiPHARSENiATE.-^Dark  brown  precipitate,  which  soon 
■ams  black  i  it  is  produced  on  mixing  a  ferrous  salt  with  the  aqueous 
Bolation  of  either  bibasic  or  terba^ic  sulpharseuiate  of  sodium.  It  dissolves 
Tn  excess  of  the  sodium-compound,  forming  a  black-brown  solution,    When 

dried  in  the  air,  it  is  resolved  into  a  yellowish -brown  mixture  of  hydrated 
ferric  oxide  and  ferric  sulpharseniate*  (Berzelius,) 

M,  Ferric  StrLFHARSENiATE,  —  Both  terbasic  and  bibsusic  sulph- 
arseniato  of  sodium  form  dingy  greenish-grey  precipitates  with  ferric  salts, 
the  former  more  slowly  than  the  latter^  and  an  excess  of  either  sodium- 
salt  re-dieisolves  the  precipitate,  forming  a  black-brown  solution.  The 
kirecipitate,  which  does  not  decompose  in  drying,  fuses  very  easily,  and 
t  a  moflcrato  heat  gives  off  sulphur,  and  is  converted  into  a  compound 
containing  tcreulphide  of  arsenic^  which  is  likewise  easily  fusiblet 
—^Berxelius.) 

'  N.  pROTO-ARSEKiDE  OP  Iron  wiTii  BisuLPniDE  OF  Iron. — Avsenical 
JroVf  Mispiclel^  Oiftki^s,  Crystalline  syetem  the  right  prismatic.  Fig. 
61  (primary  form),  44,  54,  and  others.  '  w'  :  w=lll''  18',  i  j  ti=ll;5''  32; 
i  alov€  :  u  Wou'=09''  36',  Cleavage  parallel  to  a  ami  p.  (Hauy.)  Sp.  gr. 
6*13,  Somewhat  softer  than  felspar;  gives  a  few  sparks  with  steel,  emit- 
ting  an  arsenical  odour.  Tin-white;  powder  blackish-grey.  When  heated 
in  a  fiask,  it  first  gives  a  red  eublimate  of  sulphide  of  arsenic,  then  a  black, 
and  lastly  a  metallic-looking  sublimate  of  areenic,  and  leaves  sulijhidQ  oC 
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iron.     Heated  on  cliareoal  before  tlie  blowpipe,  it  emita  a  strong^  afMmi^ 

fume,  and  fusea  to  a  globule,  which  Uehave8  like  majc^oetic  pyritet. 
(Berxelitij*.)  Dissolves  in  strong  nitric  acid  or  aqua^regiai  witli  aeparatioQ 
of  sulphur  and  iiraenious  acid. 

161  parte  (1  At.)  of  arficnical  iron,  placed  in  a  crucible  witli  a  small 
quantity  of  borax,  and  heated  in  the  blaat-fumace,  lose  72  45  pt«w — via,- 
1  At.  eulpbuT  and  |  At.  arsenic  {16  +  56-2o=:72'25). — Tbo  Pesidne,  whicR 
is  crystalline,  brittle,  strongly  magnetic,  and  of  a  pale  grey iah -yellow 
colon r»  consist.^  of  FeS  and  Fe^As.  On  boiling  the  mass  with  fltront 
hydrochloric  acid  aa  long  as  sulphuretted  hydrogen  contiunea  to  go  ofl^ 
the  Fe*A»  remains  behind  in  black  tab -grey  metallic  ecalas  (coDtainiDf 
5U  p.  c.  iron  nnd  41  arsenic).  These  grains,  when  boiled  for  a  longer 
time,  give  up  half  their  iron  to  tbo  acid,  with  erolution  of  hydrogwu  pa, 
and  the  residue  conaista  of  Fe^S  (41  9  p.  e,  iron  and  5 S'l' arsenic),  Oft 
which  the  Iiydruchloric  acid  has  no  further  effect.  4  At  arsenical  iwi 
contain  8Fe,  4 As,  8S;  2A8S^  and  1  As  are  evolved^and  there  reniains  4F€!S^ 
together  with  Fe^As.  The  mineral,  when  heated  to  whiteness  in  a  charooal 
crucible  with  six  times  iti?  weight  of  lead,  yields  lead  free  from  iron,  but 
rendered  somewhat  brittle  by  the  presence  of  arsenic  ajid  sulphor,— 
together  with  a  dense,  granular,  yellowiah-grey,  strongly  magnetio  man, 
which  cont^iina  67  p.  c,  iron,  25  arsenic,  and  8  sulphur,  and  when  Iwiled 
for  some  time  with  hydrochloric  acid,  leaves  Fe*As  in  the  form  of  a  black 
powder.  (Berthier,  Ann.  Ckim.  PkyB,  62,  113;  also  J.  pr,  Chem,  10,  13) 
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I&Olf  AND  ASTIMONT. 


A.  Antimontbe  of  Irok. — Kegulns  jintimonii  mariialu, — r  Tin 
two  metals,  when  heated  together,  fuse  into  a  mass  with  visible  c<»'JJ" 
buition,  (Gehlen,) — 2.  Whon  177  pts.  (1  At)  of  grey  sulphide  of  witi* 
mony  aro  fused  with  more  than  81  pts.  (3  At.)  of  iron,  antimoni«ie  of  iw« 
if  obtained,  besides  sulphide  of  iron.  Hard,  brittle,  *<lightly  mafoetk 
alley,  having  a  density  below  the  mean  given  by  calculation.  Tb«  lUof 
of  1  pt.  iron  and  2  pt«,  antimony  gives  sparks  when  Hied, 

B*  FsRRors  AifTiMoNiATE.  —  Formed  by  double  decoinposition.-* 
White  powder,  which  becomea  yclIowish-grey  by  drying,  and,  at  •  w 
heat,  gives  olT  water  and  turns  red.  It  is  slightly  soluble  in  water*-* 
Similar  characters  are  exhibited  by  the  antimonite^  (Beraelitis.) 

0.  Ferric  ANTtHOKUTS. — Light  yellow.  (Borxoliut ) 

D»    FBRROtJt  SULPHANTIMaNITB. — ProtOEXllpbido  of  irtni  tuny  I"    •--  ^ 

in  all  proiJortions  with  tersulphido  of  antimony.  (Bcrthier.) 

The  Mirte  following  minerals  are  proviaioQalJj  inolvdbd  Rtdtr  ^ 
name  AHMrrj^  or  Haidin^€7iU;ii^  howeref»  .Mli^b/llmf  wi^^  ^ 
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ie(i«  the  two  aames  ju^t  mentioned  must  be 
tliird  name  be  found  £or  tlie  remainiBg 

!  prisms,  differiDg  in  fomi  from  tlioae  of 
[M-rtbier.) 

Btirthier. 

Chitfllc*. 

0-3 

16-77         ,„         16'0 

,..,     53-42         „..         52-0 

...     29-81         „..         30*3 
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(*r  composed  of  6iie,  parallel  fibrcaj  steel- 
»hier.)    Needle-ebaped,  raciiatiiig  or  niassive; 
i.e  sulphide    of  antimony.     (BreithaupL) 
I  be,  it  decrtipitates  slightly,  and  yields  a 
H.n  roasted  in  the  air,  it  gives  off  Bulpha- 
iy,  and  leavoHi  a  petrous,  infusible  mass. 
»mes  covered  witb  antimonio  oxide  (and 
liibie  by  the  green  colour  which  the  coat- 
iili  nitrate  of  eohalt  and  strongly  ignit<^d), 
ill'  residue,   which  exhibittj  wilb  duxes  the 
,  J.  2ir,  C/ttiit.  4f   271K)     With  hydrochloric 
VC9  off  sulphuretted  hydrogen,  and  dissolves 
II  of  any  ijuartz  and  iron-pyrite«*  that  may  bo 
I'm  of  sulphur.  ( Berth ier,  Ann,  Chim.  lit^s. 
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ui,    with  granular   traiwverse  fracture, 
►  lAh-bluo.  (Bertliier,  Po^g,  29,  458,) 
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ffoxrATE. — Green  yitriol  forms,  witb  excena 
(Schlippe^  salt) J  a  black,  easily  decom- 
urna  grey  on  the  filter,  and  rusty  yellow 

r*  circumBtanceSt  likewise  yield  a  blao 
;  if,  bowoyer^  the  ferric  salt  U  iu  ^^t^^itfi^ 


Ill 


IIO\\ 


I  pi^tpiute 


hUT 


o/aulphi 


and  1 


&^  from  iron  nti  i 


mr; 


lof  mn 


I  eootikiiis 


itimoDj, 
fefTQtta 


coot 


l«iMi.«My,3SCH)  =  3(N.O.SO>)^i(Ffep,SO^^Sbs*^js. 


^i^iUftr^y 


5f,  234.) 


OP  Iron  and  PoTAssnrsff F^*^.^  k       *  *      . 

Ih  1  pt  of  piiiven«?d  antimony  and  1  r^   -^-    - 

^J5::?iZv  tvT"'^  ^"^"^  to  4  heat  d 
...Mlle  alloj,  ncii  la  potafisiom.  (Semllaa.) 


^JMIIIH^'  ^'^^^^^^T^  Mpojmd  obtained  by  miuciiur  fenpif 
TELL0RiTE.^Fine  jeUow-coIonred  flakes.  (Bemdiitt) 


i 


U  ?i»»«^  TiLLTJRATE,  ^  WLite  precipitate,  which,  on  mmn 
^  ^  •*    «H)n  turns  greeuish-^j,   and    afterwarda   nist-ookiMi 


Tbuubatb.— Pale  yellow  flakes,  soluble  in  i 
yBi^fidlius.) 

SirLPHOTEiL0RiTE.--BIack  precipitate. 


loftb 


ijue  SrLPHOTELLURrTB. — Dark  brown  flukes,  which  e§k»  tit 

ttt  eaaily  fusible  maas.     This  mass,  when  heated  in  a  nM 

.   :o  (iiiantity  of  sulphur,  and  leaves  a  gi«y  n^diM  vftiA 

illic  lustre.  (Ber^elios.) 

Ikon  and  Bismuth. 

..  f«iiltK  ov  Iron, — Brittle  alloy,  which,  even  when  n  n  meiw 
.\  pari  of  iron,  is  attracted  by  the  magnet  (Flenktl).  uJ 
of«aae  of  density.  (Gellert)— Marx  (Schw.  58,  471)  did  Ml 
tmiikg  an  alloy  of  these  two  metals. 

.  ivipi  or  Jkon  AiTD  PoTASsnm.^Analogonf  to  the 


tjiodi  Aii]>  Zdic 


t  lMk9  4KD  Znvc;— CombiiiatioD  tikea  pliuse  wttl 

'  ,j^M  ^  nae  «nd  iron  M«  ignited  togf«th#r«  |iart  of  I 

'*^^^-  I^OiM<fli,  wUlo  Iherese  pooeiraUs  Ik^i 
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and  ma^kes  it  denser  and  very  brittle. — 2,  Iron-filings  ignited  with  rinc- 
oxide,  but  without  charcojil  and  under  a  layer  of  pounded  glaee,  take  up 
a  tolerablj  large  qaantity  of  xinc,  (HoUunder,)  *—  A  vessel  of  eitlier 
wrouglit  or  cast-iron  in  which  zinc  is  eontinnously  melted,  becomes  cor- 
roded by  the  formation  of  an  alloy  of  zinc  and  iron,  fH  oil  under,  Schw, 
33,  41,  and  166;  Berthier,  Ami.  Chtm.  Phyx,  44,  119;  EWcr,  Xpr.  Chem. 
12,  303.) — 4,  111  the  zinkin^  of  iron-plaie  by  immersing  it  in  melted  zinc, 
with  frequent  a^Mition  of  sal-am ni on iac,  an  alloy  of  zinc  and  iron  ia 
deposited  at  the  bottom  of  the  fused  zinc,  in  the  form  of  a  doughy  mass, 
which  is  taken  out  from  time  to  time*  ( Berth ier,  Poijfg,  52,  340.) 

The  alloy  «  formed  by  (3)  in  ca^t-iron  is  whiter  than  zinc,  and  so 
much  the  more  brittle  and  oxidable  as  it  contains  a  larger  quantity  of 
iron.  At  a  very  high  tempemturej  the  whole  of  the  zinc  is  evolved.  (Hol- 
Innder.) — It  conBista  of  warty  plates,  easily  detached  from  the  sides  of 
the  vessel,  having  a  crystiiiliae,  shining  fracture,  very  hard  and  brittle, 
and  less  fusible  than  zinc;  it  gives  off  its  zinc  by  diBtillation,  and  dis^ 
solves  in  nitric  acidj  only  the  graphite  of  the  cast-iron  being  left  undis- 
solved. (Berthier.) — ^It  lias  a  denj^ity  of  H*7,  a  fine-grained  fracture  and 
tin-white  colour.  (Eisner.) — The  alloy  (4)  has  the  outward  appearance  of 
line  and  is  not  magnetic,  but  harder  and  very  crystailinc.  (Berthier.)-^ 
The  alloy  of  zinc  and  iron  formed  in  a  wrought  iron  vessel  in  the  process 
of  zinking  iron-plates  (3,j8)  is  so  brittle,  that  it  may  he  rubbed  into  crystal- 
line grains  with  the  fingers;  it  has  the  colour  of  zinc,  and  is  very  easily 
salable  in  acetic  acid  even  when  cold.  (Berthier.) 

Berthier,            Eisner.  BertMcn 

(3.a)               (3,«)  (4)          (3.^) 

Zn U4-7fi      ....      93*01         ....  95-3     ....     90*1 

Fe  5*00       ...        6*24         ,...  4-3    ,,..      9*5 

Gnphite 024       ...,       0-75        Pb  0-4    ....      0'4 

€tt  trace    .... 

"^~~  lOO'OO      ....    10000  1000    ;      100  0 

B.  Ferric  Oxide  with  Zinc-oxide.  ^- /VawMniVr.  —  (ZnOjFeO), 
(MnW;  Fe=0^). — ^laomorphoua  with  spinelle,  &c.  Fig.  2  and  4,  Sp.  ^t. 
5*09.  Scratches  apatite.  Oj*aque,  and  of  an  iron-black  colour;  powder 
red-brown;  magnetic,  especially  after  ignition.  Held  between  the  pla- 
tinum forceps  in  the  outer  blowpipe  flame,  it  ehines  with  a  white  lights 
attended  with  emission  of  sparks  and  the  formation  of  minute  blisters  on 
the  surface,  wtiich  may  be  seen  with  a  lens.  On  charcoal,  by  continued 
blowing,  it  is  reduced  to  a  black  ilag,  with  formation  of  a  zinc-deposit. 
With  carbonate  of  soda  on  platinumj  it  exhibits  the  reaction  of  man- 
ganeBC.  Dissolves  in  borax,  forming  a  red  glass  which  turns  brown  on 
eooling.  In  microcosmic  salt,  it  dissolves  lees  readily  aod  with  strong 
intumescence,  fomiinij:  a  yellowish-grey  glass  which  easily  assumes  li 
milky  appearance.  Dissolves  with  difficulty  in  sulphuric  or  nitric  acid; 
easily  in  hydrochloric  acid,  with  copious  evolution  of  chlorine.  (Abich, 
Pogg^  23,  324.)  The  hydrochloric  acid  solution  contains  sesquioxide  of 
iron  with  only  a  trace  of  protoxide.  The  evolution  of  chlorine  is  remark- 
able, and,  as  Kobell  observes,  is  not  consistent  with  the  results  of  Abich'a 
analysis;  but  tbo  calculation  given  by  Kobell  {SchuK  64,  430)  for  remov- 
ing this  difficulty  (see  tlie  following  table)  U  unsatisfactory  :  for  the  13'82 
per  cent,  of  sesquioxide  of  manganese  therein  assumed  could  only  give 
tip  1*382  p.  c.  oxygen;  but  the  18*37  p,  c.  of  protoxide  of  iron  likewie© 
aasumed  rec^nires  2'0&9  p,  c.  oxygen^-^nsu  that  IhcrQ  is  nol  «i\^ii  ^n\^\x^ 
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oxygen  to  cenTert  ail  the  pfotoxiJe  into  seeqnioxide,  to  say  Dolldfif  of 

the  quantity  which  would  he  required  to  ltberat«  cUorine  from  \kt 
hydrochloric  acid. — Might  not  another  furmula  be  ftasigii^ed  to  FrtJikiiniti 
^perhaps  (ZnO;FeO),2(Mn=0*;  FeW)l 

Franklmiie,  Abich.  Bc^rthier*  KobcO. 

ZnO , „. 10*81        ..  17  .,  :     " 

FcO ^„^ 21-34  ....                      ..,.          ic 

FijSOS   .... „„. ....  18- 17  ...         16        .«.         13*81 

Fcn^    ..,««.,...„„.,..*„ 47  52       .         66         ....         54  51 

A1«0»    _„ 0-73 

SIO*  „ „ 0*40  , 

MirO.CdO , ,.  trace  .,.. 

98^97     ...         99        Z.       100  00 

C.  Cahbide  of  Iron  and  Zinc. — Formed  hj  adding  jine  to  melkd 
steel  by  Bmall  portions  at  a  timej  because  larger  quimtities  would  priMiutt 
exploeiou.  The  addition  of  -^  part  of  zinc  renders  steel  britile.  Wba 
ihe  steel  h  forged,  part  of  the  zinc  burns  away.  (Breant,) 

D.  SrLPHATE  OF  Ferrous  Oxide  and  Zinc-oxtde, — A  mixture  d 
ferroRg  sulphate  and  zinc-sulphate  tsikes  the  crysLiUinc  sha|»e  of  the  for- 
mer, if  the  quantity  of  that  bubatance  amouul«  t<j  at  least  l^  per  cent  el 
the  whole;  hut  if  the  quantity  of  ferrous  sulphate  be  ismaller,  the  mixiel 
gait  takca  the  form  of  zinc-jjulphate. 

E.  Sulphate  op  Ferrous  Oxide,  ZiKc-oiciDEy  akd  Ammokia.-- 
The  mixed  solution  of  ferroBo-atnmonio  sulphate  and  zinco-ammoDi^  «aK 
phate  yielde  pale  green  crystals  which  have  the  form  of  maen««^ 
ammouic  sulphate,  and  assume  a  yellowish  colour  on  expoaure  ta  me  tir 
(Bette,  Ann.  rhattn.  14,  286.) 

2NH>    „..„.  34*0  MO  .  ,  812 

2nO 40*2  10'17  ..»  9*10 

FcO  ^* „M  35  n  8-86  ....  lO-M 

4S0» 1600  40*49  ....  40*03 

14HO 126  0  ....          31*88  ....  32  40 

395-2  lOO-OO  100*00 


Iron  akd  Tm. 

A,  Alloy  op  Iron  and  Tin. — ^WheR  these  two  metala  are  heil^j  It 
ledness  together,  there  is  formed:  a.  An  alloy  of  22  pts,  tin  *j. 

•Qioewhat  harder  than  tin,  and  magnetic;  and  below  it:  L  A  n      i  4 

2  pts.  iron  and  1  pt.  tin,  which  is  white,  very  hard,  slightly  m)iite4bl«;«BMi 
dimcult  of  fusion.  (Bergman.) — Tinned  Iron-plate.  — in  the  daily  difltiH^ 
tion  of  the  eilvering  of  mirrors  in  a  cast-iron  retort  fur  th^  purp^M  fli 
regaining  the  mercury,  an  alloy  of  tin  and  inm  u  formed,  auiounttP^  to 
between  1  and  2  per  cent,  of  the  tin  obtained :  when  tlie  tin  is  pouri^iaiii  •( 
the  retort,  this  alloy  partly  iloats  upon  it  in  scales,  and  i«  partly  dep<Mit#4 
at  the  bottom  in  the  form  of  a  dougny  mska».  It  may  be  fre«d  ttftm  the  wmm 
which  adheres  to  it,  cither  by  boiling  with  hydrochlorio  add,  mktA 
olTes  the  latter^  or  by  treating  it  with  nitric  acidj  by  which  lb*  6vf 
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tin  is  oxidized  while  the  alloy  is  not  attacked.  When  thas  purified,  it 
has  the  form  of  shining  square  needles,  of  specific  gravity  8*733,  brittle, 
and  fusing  at  an  incipient  white,  heat.  The  powder  of  this  compound, 
when  thrown  into  the  flame  of  a  candle,  bums  with  emission  of  sparks 
and  a  white  smoke.  It  does  not  rust  in  the  air,  when  moistened  with 
water.  It  is  not  attacked  by  nit^tic  acid  at  any  temperature  or  any 
de>^ree  of  concentration;  it  'dissolves  slowly  in  boiling  hydrochloric  acid; 
but  rapidly  and  completely,  and  with  yiolent  action,  in  aqua-regia« 
(Lassaigne,  J,  Chim.  AfSd,  6,  609.)-   -  -  — 

Lassaigne. 

3Fe 81         ....        57-86        ....     '   57*9  ; 

Sn 59         ...>        4214         ....        42-1 

Fe»Sn  140        ....       10000        ....       1000 

B.  Carbide  of  Tin  and  Iron. — Tin  impairs  the  quality  of  steel. 
(Faraday  &  Stodart.) 


Iron  and  Lead. 

Alloy. — The  two  metals  unite  with  difficulty  when  fused  together, 
forming  two  alloys,  arranged  one  above  the  other,  the  lower  contaii|ing 
but  very  little  iron,  and  the  upper  but  a  very  small  quantity  of  lead. 
(Morveau.) — By  reducing  a  slag  containing  lead  and  iron  in  a  crucible 
Ihied  with  charcoal,  Biewend  («7.  pr,  Chem,  23,  252)  obtained  a  well-fused 
alloy,  which  was  bard,  almost  perfectly  brittle,  lustrous,  and  magnetic : 
k  had  a  light  steel-grey  colour,  a  fine-grained  laminar  fracture^  and 
eontained  96*76  per  cent,  of  iron  and  3*24  of  lead. 


Other  Compounds  of  Iron. 

With  Cobalt,    Nickel,  Copper,    Mercury,  Silver,  Gold,   Platinami. 
Palladinm,  Rhodium,  and  Osmium. 


be  Bulplildes  of  arsenic,  copper^and  bisiimth  (together  with  tin)  contmue 

to  be  preci  pita  ted.     The  solution  13  then  filtered,  and   heated  till  the 

excess  of  sulpharetted  hydrogen  is  expelled  and  the  protoKide  of  iron 

converted  into  eesauioatide;  and  carbonate*  of  soda  is  added  in  excess, 

while  the  liquid  is  hot,  to  precipitate  the  nickel  and  cohaltin  the  form  of 

carbonates^  and  the  iron  in  the  form  of  seaqnioxide.     The  precipitate  is 

then  well  washed  and  digested  with  excess  of  aqueous  oxalio  acid;  the 

eoluble  ferric  oxalate  separaterl  by  filtration  from  the  oxalates  of  nickel 

^And  cobalt,  whicli  are  insoluble  even  in  excess  of  oxalic  acid,  and  the 

Blatter  salts  triturated  with  dilute  ammonia  (it  should  be  strong  ammonia 

H#ocording  to  Stromeyer)  and  dissolved  in  excess  of  the  ammonia,  by 

Bagitation  and  gentle  heating  in  a  close  vessel.     The  filtered  solution, 

H after  exposure  to  the  air  for  seteral  days^  deposits  the  oxide  of  nickel  in 

H combination  with  oxalic  acid  and  a  small  quantity  of  ammonia,  white 

pure  oxalate  of  cobalt  remaina  in  solution.    (The  oxalate  of  nickel  sepa* 

rated  as  above  may  be  freed  from  the  small  quantity  of  cobalt-salt  which 

lalLi  down  with  it,  by  washiDg  with  water,  re-dissolving  in  ammonia, 

exposing  the  liquid  to  the  air,  and  separating  the  solution  which  contains 

the  cobalt  from  the  nickel -precipitate,  the  purity  of  which  increases  at 

each  repetition  of  the  process,)     The  residue  obtained  by  evaporating 

•  the  ammoniacal  solution  of  the  oxalate^  yields  sesquioxide  of  cobalt  when 
ignited  in  the  air,  and  metallic  cobalt  if  ignited  out  of  contact  of  air. 
(Laugier.)  The  liquid,  after  precipitation  by  sulphuretted  hydrogen, 
may  also,  after  sufticient  boiling,  be  diluted  with  a  large  quantity  of 
water  and  gradually  mixed  with  carbonate  of  soda  (Stroraeyers  process), 
atirring  all  the  while,  till  the  precipitate  is  no  longer  red-brown,  but 
perraanently  red^;  if  the  proportion  be  rightly  adjusted,  the  whole  of  the 
ferric  oxide  is  precipitated^  and  the  protoxides  of  nickel  and  cobalt  remiin 
in  the  solution,  from  which  they  may  be  precipitated  by  boiling  with 
excess  of  carbonate  of  soda,  and  treated  with  oxalio  acid,  according  to 
Laugier'a  method. 

2.  Unroasted  cobalt-ore  is  dissolved  in  nitric  acid;  the  solution 
evaporated  to  dryness;  the  residue  di(*solved  in  water;  carbonate  of  soda 
added  with  constant  agitation  to  the  diluted  filtrate,  till  the  cobalt  begins 
to  fall  down  together  with  the  other  metals  (this  will  he  indicated  by  the 
red  colour  of  the  precipitate);  the  liquid  filtered  from  the  arseniata  of 
ferric  oxide;  and  a  hot  satumted  solution  of  acid  oxalate  of  potasli  added 
to  it,  The  whole  of  the  cobalt  is  thereby  precipitated  in  a  few  hours,  in 
the  form  of  oxalate,  while  all  the  iron  and  arsenic,  and  the  greater  purt 
of  the  nickel,  remain  in  solution.  Should  tlio  precipitate  likewise  contain 
arseniate  of  cobalt-oxide,  the  latter  may  be  removed  by  dilute  nitric  acid, 
in  which  the  acid  oxalate  is  not  soluble.  The  oxalate  may  be  freed  fri>m 
nickel  by  Laugicr*s  process  (I);  since,  however,  the  quantity  of  nickel  is 
but  small,  it  may  likewise  be  extracted  by  digesting  the  precipitate  in  a 
small  ouantity  of  hot  aqueous  ammonia  which  dissolves  the  nickel-oxahite 
in  preference  to  the  cobalt- oxalate »  and  forms  a  blue  solution.  (Quesne- 
ville,  1/.  Pharm.  15,  291,  and  441.)  The  filtrate,  after  being  mixed  with 
the  acid  oxalate  of  potash,  should  be  boiled  in  order  that  the  cobalt- 


I 


^  *  A  modification  of  this  method,  which  coosists  m  mixing  the  cobalt  JBolution 
with  f  eUdnous  hjdrmte  of  cobak  oxide,  or  portijillj  precipitating  it  with  carbonate  of 
potaali  or  tcd»,  and  then  boiling  for  some  time — wherebj  the  iron  m  completely  prerijii* 
tmted,  and  the  cobalt  takea  its  place  in  the  solution — i£  recommended  by  Louyet  {tnntit, 
1849,  206).— 'The  lame  metho4  ha*  long  been  mtd  for  the  Beparatioa  of  mjwigajic«e 
from  iron. 
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with  carbonate  of  soda,  (Wohler,  Pogg.  6,  227.)  According  to  Hermb- 
9(a<]t  {Schw.  01,  105),  tbc  greater  part  of  tbe  arsenic  may  likewise  be 
rcraured  by  liefliigrating  the  cobalt-glance  with  3  pts.  of  nitre,  and 
exhausting  tbe  fn&ed  mai^s  with  hot  water.  The  remainder  is  then  to  be 
dissfilveU  io  hot  nitric  acid,  whereupon,  a  small  quantity  of  ferric  oxide 
rennains  nndisstilved — the  copper  preeipitated  by  iron — ^the  liquid  snper- 
eat  lira  ted  with  carbonate  of  ammonia — tiltered  from  the  iron  precipitate — 
concent  rat  e<l  by  evaporation,  daring  which  process  a  considerable  qiian- 
lity  of  iron  is  precipitated — then  again  filtered,  and  evaporated  to  perfect 
drjTie0»T  and  the  reHidue  ignited. 

7-  Til  obtain  cobalt  from  the  blade  earthy  cobalt-ore,  the  mineral  la 
dissolved  in  hydrochloric  acid;  the  arsenic,  antimony,  lead,  and  copper 
precipitated  by  ^tdphuretted  hydrogen;  the  filtrate  boiled  with  nitric  «cid 
to  jfrwmote  the  further  oxidation  of  the  iron;  the  iron  precipitated  by 
boilin;.'^  with  acetate  of  soda;  and  the  cobalt  separated  from  the  filtrate  by 
enlphuretted  hydrogen,  which  leaves  the  acetate  of  manganoui<  oxide 
undecom posed.  The  precipitate  h  perfectly  free  from  nickel,  but  contains 
a  trace  of  zinc.  The  liquid,  freed  from  arsenic  and  copper  by  sal  phn  ret  ted 
hydrogen,  may  likewise  be  precipitated  by  gulpliide  of  potassium  or 
sulphiile  of  barium,  and  the  waeheil  precipitate  treated  with  cold,  dilate 
hydrochloric  acid,  which  dissolvea  the  sulphides  of  manganese,  zinc,  and 
frtm,  and  leaves  all  the  sulphide  of  cobalt  nndissolred.  (Wackenroder, 
N,  Br,  Arch,  16,  133.) 

Special  Tfwdu  of  reparation  from  partkular  metals: 

a.  Frm%  Nickel, — 1.  By  oxalic  acid  and  ammonia  according  to 
Langier^s  method  1.  {p.  317*) — 2.  The  solation  of  the  two  oxides  m 
ex«e«»  of  acid  Is  supersaturated  with  ammonia,  diluted  with  a  largd 
qajintity  of  water,  and  mixed  with  cau^^tic  poti4.sh»  which  precipitates  the 
ax ide  of  nickel;  on  evaponiting  the  filtrate,  the  eobtiit  separates  in  the 
form  of  sesqni oxide,  (Phillips.) — If  the  water  has  not  l>een  safficiently 
freed  from  air  by  boiling,  or  if  the  li^^iuid,  after  the  addition  of  pota-sh^  is 
not  kept  in  a  closed  ve^seb  .nesfiuioxido  of  cobalt  k  precipitated  together 
with  the  oxide  of  nickel,  (Berzclius.) — 1\.  The  nitric  or  hydrochloric  acid 
aolution  of  the  two  oxides  is  mixed  with  a  quantity  of  met  a  phosphoric 
add  sufficient  to  saturate  them,  and  ammonia  added  till  the  precipitate  at 
ffrst^  produced  is  re-disso!veib  after  which  the  mixture  is  exposed  to  tho" 
»ir  for  a  considerable  time.  (Persoz,  Ann.  Ckim.  P/tt/ji.  56,  333;  also 
Pogg.  33,  34R.) — 4.  Since  cjranide  of  oickel  and  potassium  is  decomposed 
by  iK^rds,  and  cyanide  of  cobalt  and  potas?^ium  is  not,  the  separation  may 
b©  effected  by  adding  cyanide  of  potassiuni  to  the  acidulated  solution  of  tho 
two  tnetals,  till  the  precipitate  re  dissolves,  heating  gently  to  incbice  the 
lonnatioti  of  Hcsqui cyanide  of  cobalt  and  potassium,  mixing  the  liquid, 
mt%Bt  cooling,  with  dilute  sulphuric  acid^  and  filtering.  The  filtrate* 
eontains  pnre  cobalt  in  the  form  of  cyanide  of  ctibalt  and  potassium:  it  i« 
mixed  with  nitre,  evaporated  and  ignited,  and  the  residue  exhausted  with 
wator,  which  leaves  the  cobalt  in  the  form  of  sesquioxide.  The  precipi- 
tate on  the  filter  consists  of  sesqui  cyanide  of  cobult  and  nickel;  it  may  bo 
decomposed  by  caustic  potash  or  carhtnmte  of  potash  into  soluble  cyanide 
of  cobalt  and  potas-^ium,  and  in^Qliildo  hydrate  or  carbonate  of  nickel- 
oxide.  (Liebig,  Ann.  Pkarm.  41,  291.) — 5.  Theoxide»  of  the  two  metal* 
are  made  to  coiubine  with  sulphuric  acid  and  potash,  and  the  solution  lefl> 
to  cryatallisEe,  whereupon  the  less  soluble  sulphate  of  nickel-oxide  and 

Bb  sepamtefi  out  ^Jfit,  and  the  sulphate  of  coba.It-o:ude  ^0x4  v^\as^ 


I 


1*1 

^ — Mk  tofaii* 

lo&ee  It  ig<om  fOlMk 
I  Mm  Miqiuo»4k  of 
.  U,  M4i  L.  nd  K.  J«lra6tfr.  L,  971.) 

btvfe  if  eMi  Mixed  witii  inm  kjdmUM 

r  ^i  mkkti  imuiam  ■nltend  wlico  IreMad  vtt 
IW  MiiiiM  of  t^  nixed  cUondes  conUiotiic  ft  cMtUm- 
r  of  free  kjilncUetk  add  is  ImrgelLy  dilated  wili  wmler,  ttl 

•  la  Mfljr^  ihm  xnlf^  t»  ^iMotkitiTe  •iialjni,  Ua«  cotMlt  auj  tltte  be  diiv^ 
^Mi  Ai^^  ■tfin*'"  i  i^  ODde  ia  die  niaiicr  just  described^  lad  iImb  mdi«i| 

— «^*— * —  -^  - — '  "^  it  of  cymnuie  of  cobalt  and  eoff'or  w»y  be  d%iM8rfP 

>  the  c^tlt,  and  Ifate  t]ie  co|>pcr  to  the  ftno  elcifir 

I  tbc  in— rtj  of  ll«  btter,  that  of  the  cobalt  may  be  ****t**T*'     A  ^ 

>»»;^  Bsy  be  nade  bf  wcigliiaf  Uic  mixed  (slides  for  Uw  aivid  a^i^ 

J  W  btdfiwcB)  before  a^fP'^pBg  the  prooeae  of  aqsamton,  aad  tlm  Mnifdrii'* 

I^^MrtHyoftlieidtVfL 
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cblorlne  gas  passed  throngli  it,  till  tLe  liqatd  is  completely  saturated  and 
tbe  upper  part  of  the  vessel  filled  with  the  gas.  Carbonate  of  bar3rta  is  then 
added  in  excess;  iLe  whole  left  to  stand  in  the  cold  for  12  or  18  hours 
and  frequently  agitated;  and  the  precipitated  sesqwiox.ide  of  cobalt, 
togctJjer   with  the  excess  of  carbonate  of  baryta,  collected  on  a  filter^ 

i 

^■om  the  E-eaquiuxtde  oi   cobait  and  carbonate  of  baryta  contains  nothing 
Htit  baryta  and  nickel ;    the  baryta  may  be  precipitated   by  sulphuric 
^cidj  and  then  the  nickel  by  caustic  potash.  (H.  Rose,  Po^g.  71,  545; 
Ann.Phai'm,  64,  411.)  T 

—  6.  Fr(mi  Many;anfse, — L  The  acid  solution  supersatnrated  with  am- 
^poQia,  deposits  the  greater  part»  but  not  the  whole,  of  the  manganese,  io 
^ie  form  of  black  oxide, — 'i.  The  j«rotoxides  of  the  two  metals  are  preci- 
pitated by  boiling  with  carbonate  of  8oda»  tlie  precipitate  w^ashed,  and 
^jben  heated  with  solution  c»f  potash  and  hydrocyanic  acid.  Part  of  the 
^pangane.se  remains  undissolved :  the  solution  contains  cobalt  in  the  form 
of  cyanide  of  Cf>balt  and  pota^^sluni,  together  with  cyanide  of  manganese 
and  potassium.  The  latter  is  decompoiied,  with  separation  of  manganic 
oxide,  by  repeatedly  evaporating  the  solution  to  dryness  and  re-dissolv- 
ing in  water;  tlie  former  remains  unaltered,  and  may  be  removed  by 
filtration.  (Gmelin*) — The  sohition  of  the  mixed  oxidea  is  treated  as  In 
the  fourth  method  (Liebig*s)  of  separatiog  cobalt  from  nickel;  on  snper- 
tnrating  with  cyanide  of  potassium,  the  greater  part  of  the  manganese 
mains  undissolved  in  the  form  of  cyanide;  the  filtrate  is  decompogcd,  as 
Iready  described,  by  dilute  salphuric  acid.  {Liebig.)^4.  The  acid  snlu- 
[>n  o{  the  two  metwls  k  mixed  with  a  quantity  of  acetate  of  soda  suffi- 
ent  to  convert  tlie  whole  of  the  col>alt  and  manganese  into  acetates; 
he  cobalt  precipitated  by  sulphuretted  hydrogen;  and  the  sulphide  of 
cobalt  washed  with  sul|diuretted  hydrogen  water  to  prevent  the  cobalt 
from  oxidizing  and  re-dwsolving.  The  whole  of  the  manganese  remains 
io  solution;  if,  however,  the  acetic  acid  is  in  very  great  excess,  the  filtrate 
umy  still  contain  a  small  qnanlity  of  cobalt;  if  bo,  the  excess  of  acid 
must  be  expelled  by  evaporation,  and  the  ri^mainder  of  the  cobalt  preci- 
pitated by  again  treating  the  liquid  with  sulphuretted  hydrogen. — Or 
the  solution  of  the  two  me  talc*,  not  containing  too  great  an  excess  of 
acid,  may  be  precipitated  by  sulphide  of  aumionium,  and  acetic  acid  (or 
hydrochloric:  I/,  J\*os^)  add^^d  iu  excess;  the  i^ulphide  of  manga nei<e  will 
then  dissolve,  nnd.  after  a  few  niinuteSj  the  sulphitle  of  cobalt  njay  be 
thrown  on  a  filter.  Slioubl  tlio  Jikrato  yield  with  sulpbiile  of  jininionium 
a  black  instead  of  a  flesh-coloured  precipitate,  the  process  of  separation 
mast  be  repeated,    (Wiickenroder,  N,  Br.  Arch.  16,   ItIO.) — ■%  5,  The 

feide8  of  the  two  metala  are  precipitated  from  the  mixed  solution  by 
ifitic  potai^b,  then  washed  and  driodj  and  afterwards  heated  to  low  red- 
ness in  a  tube  through  which  a  stream  of  sulphuretted  hydrogen  is  passed, 
ibe  flow  of  gas  being  coutinucd  till  the  tube  is  cold*  Thip  oxides  are 
ibcrehy  converted  into  sulphides,  which  are  then  digested  for  some  hours 
in  com  water  acidulated  with  hydrochloric  acid;  the  manganese  dissolves 
and  the  sulphide  of  cobalt  is  left  behind.  The  same  method  may  be 
applied  to  separate  nickel  from  manganese,  (Ebelmen,  A"  A7in.  Chim^ 
Fhiff,  25,  92.)  IT 

The  reduction  of  the  protoxide  or  sesquioxide  is  eflected :   L  In  a 
acible  lined  with  cbarcod — more  easily  indeed  than  that  of  the  refrao- 
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tory,  brittle  metals,  or  of  iron  (the  oxide  should  be  covered  with  a  glwm- 
flux,— conaisting  of  aluuiinrt  and  lime:  Berth ier,  Ann.  Cftim,  Fhys,2ii,B%.) 
— 2.  According  to  Clarke,  in  the  flame  of  his  oxy-hjdro^en  blowpipe.— 
3.  By  passing  hydrogen  gas  orer  the  oxide  at  a  red  heat  — ^.  By  hemling 
the  oxalate  to  whiteness  in  a  crucihle,  under  a  covering  of  ghi^ti,  not 
containing  any  heavy  metal.  (Berzelius.) — By  heating  the  oxalate  of 
cohult-oxide  and  ammonia  in  a  closed  crucible  in  a  flame  urged  by  tbe 
hollows.   (Brunner,  KaMn.  Arck  14,  176.) 

Fropertu^.  Specific  gravity  77  (Bergman),  8-5131  fBer»elias), 
8*4S5  (Brunner),  8'5385  (Taa?aert  and  Hfauy),  87  (Lampadios).— 
IT  Raninielsberg,  in  five  experiments  with  cobalt  reduced  by  hydrt»gen, 
found  the  Fpecific  gravity  to  vary  from  8'132  to  9*495;  mean  8*957.  % 
♦—Tolerably  Iiard;  the  mefal  obtained  by  (2)  is  somewhat  malleaUe 
(Clarke);  as  malleable  as  east-iron,  and  has  a  fibrous  fracture  (Berthier); 
may  be  flattened  to  a  certain  extent  nnder  the  hammer,  then  ibe«  to 
pieces  and  exhibits  a  gmnular  fracture  (Brunner).  When  it  conlainf 
charcoal,  arsenic,  manganese,  &c.,  it  is  brittle,  and  haa  either  a  iM- 
grained,  or  a  somewhat  laminar  texture.  Reddish  grey,  with  faint 
metallic  lustre. — ^Wlien  obtained  by  (3)  it  forms  a  grey  powder. — Fubm 
more  ensily  tlian  iron,  less  easily  than  gohi — It  is  majnietic.  Accom1iii| 
to  WoHaston  (Sc/iw.  42.  237),  tne  matrnetism  of  eohalt  is  to  that  of  iwn 
as  rj  or  6  to  8  or  0;  according  to  Lampa«lius  {Schw.  10,  174),  that  of 
cobalt  not  perfectly  pure  is  to  that  of  iron  as  25:55.  Acoordiog  to 
Faraday  {Pogg,  47,  219),  pure  cobalt  is  not  at  ail  magnetic,  not  armt^ 
a  degree  of  cold  about  as  low  as — 80^. C. 


Compoundi  of  Cob^tU* 

Cobalt  and  Oxygen. 

A.  CoBAtT-oxiDE  or  CoBAtToufl  OxroB,     CoQ. 

Protoxide  ofCohali,  KohnUoxydid;  formerly  K^Uoryd. — i 
— 1.  Cobalt  in  the  coherent  state  does  not  oxidise  in  the  air  at  ordimrj 
tempemtures;  at  a  red  heat,  it  is  slowly  converted  into  protoxide  lai 
afterwarda  into  cohaltoso-eohaltic  oxide;  when  intensely  heated,  it  bwitf 
with  a  retl  light.  According  to  Magnus  and  W.  Henry,  cobidt  »dn««^ 
at  a  gentle  heat  by  (3)  burns  in  the  air  at  ordinary  temperamrea;  sp4 
according  to  Hess,  that  which  has  been  reduced  at  a  red  heat  gmdm^J 
absorbs  oxygen  from  the  air.  The  product  of  these  combustions  is  wma^ 
times  the  protoxide,  sometimes  the  eesfpiioxide  of  cobalt, — 2*  Rod-W 
oobalt  decomposes  vapour  of  water,  liydrogen  giis  being  erolTvd  Mi 
protoxide  of  cobalt  formed.  (Deapretz;  RegnuuU,  Ann,  f^*--  ''*t* 
62,  351.)     Cobalt  decomposes  water  when  mixed  with  hy.l  *»f 

sulphuric  acid;  it  decomposes  oil  of  vitriol  with  erolutioii  at  -utjmuniBi 
acid  gas,  and  ea«ily  decomposes  nitric  acid  with  evolution  of  nitron:*  p/k 
In  all  these  reactions^  the  product  is  protoxide  of  oob^l  onitod  with  lit 
acid. 

Prf^iaration, — 1.  By  igniting  the  pulvenilent  metal  ^  -         '  ^  (4 
in  an  optm  platinum  cracible.  (Wiukelblech. ) — 2.   Rv  t  ydjiffi 

fis  nver  the  hydratotl  oxide  heated  to  a  tempenitttr  o^i^  iSt. 

he  hydrate  may  be  heated  in  a  glass  globe  placed  i  M.^fetiT}r*liili; 
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i  a  Kigfcer  temperature,  redaction  would  take  phice,  (Winkelblech.) — 
By  gently  heating  the  hydrate  or  carbonate  out  of  eon  tact  of  air : 
K^y.  in  a  tube  completely  filled  with  it  and  drawn  out  to  a  point, 
(Wiokeihlecb.) — The  oxide  nmst  be  preserved  in  a  sealed  tube,  as  it 
«idlaally  tarns  brown  when  exposed  to  the  air.  (Winkelblech.) 
M  ,When  half  a  gramme  of  sesqnioxide  of  cobalt,  and  2  or  3  grammes  of 
iijrdrate  uf  potash,  are  placed  together  in  a  .silver  crucible  and  healed  for 
«ome  minutes  to  commencing  reiluess,  and  the  mass,  after  cooling,  digested 
in  water,  the  protoxide  remains  in  the  form  of  sqnare  tables,  (Becquerel, 
Ann.  Cfdm,  Fhys.  51,  105,) — It  genenillj  takes  the  form  of  a  light 
green iijb- grey  (Proust),  or  olive-green  (Winkelblech),  non-ntagnetic 
rder, 

Calenloiiont  nccording  to  RothoC  Bcrthicr.  Proust. 

CO    ,.», , 29-5       ...,       78*67 78-75         ..,.         84 

O.       - 8*0       ..       21-33  21*25         ...         16 

CoO 37-5  100*00  100-00         .  .       100 


DtcomposUwns. — Reducai  to  the  metallic  state  at  high  temperatures 
'  hydrogen,  charcoal »  carbonic  oxide,  potassium,  and  sodium.  At  the 
temperature  at  which  cobalt-oxide  is  reduced  by  hydrogen,  the  metallic 
^balt  likewise  decomposes  the  excess  of  aqueous  vapour.  (Desprefz.)  A 
li|xture  of  carbonic  oxide  and  carbonic  acid  gases  in  equal  volumes,  like- 
Whe  red  noes  cobalt  completely  from  the  protoxide,  and  baa  therefore  no 
■jtion  on  metallic  cobalt.  (Laurent.) — Heated  with  carbonate  of  soda  on 
Barcoal  in  the  inner  blowpipe-Same,  protoxide  of  cobalt  is  easily  reduced 
to  the  metallic  state,  aed,  on  washing  away  the  soda  and  charcoal,  the 
reduced  metal  is  left  in  the  form  of  a  grey  magnetic  powder,  (Berzclius.) 
—Protoxide  of  cobaltj  heated  with  aulpbur,  is  converted  into  sulphide  of 
cobalt  and  sulphurous  acid;  heated  with  eulphuretted  hydrogen,  it  yields 
Water  and  sulphide  of  cobalt. 

C€?mhinaiions.  —  a.    With    Water,  —  Hydiiated   Cobalt-oxide   or 
CoBALT-nvDEATE, — Formed  by   decomposing  a  cobalt-salt  with  strong 
Q^^io  potash,  out  ol  contact  of  air.     The  blue  colour  of  the  precipitate 
^^H^  first  to  violet,  and  then  to  rose-colour,  the  change  being  greatly 
^BRwated  by  boiling.  (Proust.) — On  throwing  a  crystal  of  cobalt-suf- 
^nato  or  nitrate  into  a  bottle  filled  with  caustic  potai^b,  and  then  closing 
Ve  bottle,  a  blue  precipitate  is  formed,   which   sooa  turns  violet,  and 
afterwards  rose- red.     If  the  cobalt-solution  be  dropped  into  tlie  boiling 
potasdi-ley,  the  change  of  colour  is  almost  too  rapid  to  be  traced.    On  boil- 
ing the  hydrated  carbonate  with  potash-ley,  the  protoxide  h  first  produced 
*'.  the  form  of  a  bulky,  blue  mass,  which  afterwards  assumes  a  violet 
3oor^    and    is  ultiraatcly  converted   into    the    rose-coloured    liydmte. 
froust.)  The  potash  ley  and  the  cobalt-solution  should   both  be  freed 
iDm  air  by  boiling  before  they  are  mixed,  (Winkelblech,)    According  to 
finkelblech,  the  precipitate  may  be  washed  and  dried  in  the  air  without 
ange  of  colour,  excepting  that  a  browm  tinge  comes  over  it  during 
Jrying;  according  to  Proust,  however,  it  becomes  brownish  if  exposed  to 
the  air  in  the  moist  state,  and  is  tinally  converted  into  the  brown  hydratcd 
utquioxide. 

Rose-coloured  powder  (Winkelblech);  browniah  rose-coloured  (Proust), 
— (rivefl  off  its  water  when  tented  above  lOO*'. 
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ds,  forming  tlie  Salts  op  Cobalt-oxide  or  Cobait- 
SALTs^^ — These  salta  are  oUtaincJ  b3Mligsolving  the  metal  iti  the  stronger 
acids;  by  treating'  tho  protoxide  or  carbonate  with  acids;  by  doabW 
decomfxmtioTi,  8iv,  The  hydrate  J  oxide  and  earhouate  likewise  dl.?«>lT« 
in  eulphate,  UydrochloratCt  nitrate,  and  vaccinate  of  atiitnonia  (Brett, 
Wittstein)  with  evolution  of  ammonia  on  boiling.  (Demar^ay.)  The 
insoluble  colialt-eaUs  are  peach-blossom  coloured  or  violet;  the  solaM* 
Kahs,  carmine-colonred.  Those  which  eontain  a  volatile  acid  part  wilhil 
when  ignited;  the  sulphate,  however,  h  but  partially  decomposed.  With 
carbonate  of  soda,  borax,  and  microcosmic  salt  oefore  the  blowpipe, 
cobalt  salts  exhibit  the  same  phenomena  as  the  oxide  itself.  Ziocsid 
cadmium  arc  the  only  metals  which  precipitate  cobalt  from  its  6oIati<«il 
in  the  metallic  state. — These  metals  do  not  precipitate  cobalt  completed 
from  its  solution  in  hydrochloric  acid,  even  when  the  action  is  continoed 
for  a  long  time;  and  on  the  nitric  acid  solution  they  exert  no  action  what- 
ever. (N.  Fischer,  Por/fj.  9,  2l>G.) 

Sulphuretted  hydrogen  forms  no  precipitates  in  solutioiw  of  coboltroiitle 
in  tlie  stronger  acid^^,  if  these  acids  are  but  the  least  degree  in  ex€€Ci|* 
but  if  the  stronger  acids  are  completely  saturated,  the  greater  pari  of  lh« 
cobalt  h  precipitated  in  tlio  form  of  black  hydrated  sulphide;  from  I 
solution  in  the  weaker  acids,  such  as  acetic  acid,  sulphuretted  hydrogen 
thrown  down  the  whole  or  the  greater  part  of  the  cobalt, — Wbcn  **»!• 
phate,  h3"drochlorate,  or  nitrate  of  cobalt-oxide,  is  converted  Into  iwrcUti 
by  the  addition  *>f  acetate  of  soda,  the  cobalt  is  completely  precipliat«<l 
by  sulphuretted  hydrogen,  excepting  that  when  tho  excess  of  icetic 
acid  becomes  very  large,  a  small  portion  of  coWlt  remains  in  Bolatioa  * 
Ibis,  however,  may  be  completely  precipitated  by  sulphuretted  Ky^rogta 
after  the  excess  of  acid  h:is  been  driven  off  by  bulling.  Sulphide  of 
cobalt,  when  once  precipitated,  is  but  sparingly  redissolved  by  sul- 
phuric, hydrochloric,  or  nitric  acid, — still  less  by  strong  acetic  acitl 
added  in  excess :  hence,  a  very  small  quantity  of  an  alkaline  hyJnn 
sulphate  added  to  a  very  acid  cobalt-solution  produces  a  permaDeftt 
precipitate.  {Wackenroder,  iV.  Br,  ArcL  16,  120,) — Alkaline  hydr^ 
sulphates  completely  precipitate  all  cobalt*salts,  yielding  the  same  hroim- 
blaek,  hydrated  sulphide  of  cobalt,  and  dissolve  but  very  little  of  it  wh«l 
added  in  excess.  The  precipitate  is  likewise  insoluble  iu  eansttc  Mal^ 
The  brown-colouring  is  apparent,  even  in  a  solution  diluted  to  SOO^DOO 
parts.  (Pfaiy.)^— Hydrated  sulphide  of  manganese  likewise  thrxiwa  doirt 
hydrated  sulphide  of  cobalt  from  solutions  of  ctd>alt -salts.  (Anthon.) 

Ammonia  added  in  excess  to  u  cobalt-ssilt,  contaiuitig  either  a  aalf*' 
ammonia  or  a  large  f|uantity  of  free  acid,  by  which  the  first  p»rlioti«f^ 
ammonia  are  converted  into  an  ammoniacal  salt,  yields  a  clear  tfJ 
mixture,  wiiich,  on  exposure  to  the  air,  turns  brown  from  above  dowe* 
wards,  and  generally  deposits  brown,  hydrated  sesquioxide  of  cohslL— U 
tho  cobalt-solution  contains  neither  ainmoniacal  nit  nor  free  wit  pf^ 

•  Af  the  s«1ti  of  Cobttliir  oxide  (Co=^CP)  are  not  of  n  ,1  ltel9» 

tuinntion  oum  rttlicr  impUrjt  iutVrionty  in  point  of  sUiLi  Itfttvl* 

d«llgiuit(5  th«  ftalU  of  Ihr  protoxick  by  the  simpler  terui.  •  uL'^ii^^mctuM,  nim*r  ite  ^ 
lluit  of  CftbalttmM  saUh^  rxcriiting  in  the  f«w  cises  in  which  U>(7  w  montiOMil  i*  ^ 
WMOie  lentcnc^  with  tlie  a:iUs  of  tbc  scAciuSoxiiiu.   [W.] 
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aesumes  a  green  colour.  (Wtakelble^) 
niirate  of  Ammj^mia  (p.  342). 

Caustic  potash  added  to  cohail-calti^  oat  of  cootact  of  air,  tbrowa 
down  blue  Bakes,  eoneistiiig^  aeeofding  ta  Proael^  of  fitiely-dirided  eobaJt- 
^Lide,  or,  according  to  WinkelUeelv  of  a  bane  mMy  they  are  caBTertcd^ 
■owlj  at  ordinary  tenipefataie%  baft  qaiddy  wbeo  beated.  into  tbe  mee* 
■l^loured  hydrate^  which  is  abo  immedtatelT  formed  if  the  liquids  are 
Hiixed  hot.     It  is  advisable,  before  miring  the  li4|uidg,  to  expel  the  air 
from  both  of  them  hj  boiling,  ao  as  to  obtain,  first  a  pare  blue,  and  after- 
wards a  pare  roeenxiloored  precipitate.    (Winkclblech.)     If  the  air  has 
fcecegs  to  the  liquid,  the  blue  flaked  change  colour — in  consequence  of  the 
B>nnatiun  of  the  hydruted  oxide  or  of  a  bade  salt — becomings  first  oliire- 
Hreen,  and  afterwaids  partially  of  a  dirty  violet  colour.     In  an  aqueous 
Hblution  of  pnitochloride  of  colialt  mixed  with  a  large  qoautity  of  sal- 
ammotiiac,  potash  produces  no  precipitate  if  the  air  Las  bceu  completely 
driTcn  off  by  boiling;  in  the  contrary  ca^  a  slight  brown  precipitate  is 
formed.     If  the  quantity  of  eal^mrooniac  be  snialler,  potash  piiduces  a 
blue  precipitate^  and  the  liquid  assumes  a  brown  tint  if  any  sal-ammoniac 
remains  undecompo^,   or  a  rose  colour  if  tlie  £al>anim<>niac  has  been 
^lecoropoped  by  coe^derable  quantities  of  potash.  (Winkelblech.) 
B      Carbonate  of  ammonia,  potash,   or  soda,   produces  in  cobalt-salts  a 
Bale^   peach -bl 0660 m-cu lot) red  precipitate  of  carbonate   of  cobalt-oxide; 
^ptia  precipitate  is  easily  soluble  in  excess  of  carbonate  of  ammonia,  yield- 
ing a  eolation  of  the  Fame  colour;   it  is  also  soluble,  though  very  spar- 
ingly,   in  a  large  exceed  of  strong  carbonate  of  potai?li  or  soda.     The 
recipitatc  turna  hlue  when  l»oilcd  with  the  carbonate  of  potash  or  soda; 
,  doee  not  disajipear  on  piLs*iug  chlorine  gas  through  the  liquid,  but  is 
r»nverted  into  black,  bydrated  i^C£«nuioxide  of  cobalt.    According  to  Fuchs 
|^V^»f.  62,  181)  and  Winkelblech,  cobalt-saitsi  are  not  precipitated  by 
iling  with   carbonate  cjf  Hmo  or  boiling  with  ciirbouiite  of  strontia^ 
According   to    l>emar«;ay   (Ann.    Fharm.    11,    24U),   tbe   carbonates  of 
nryta,  strontia,   lime,  and  niatrnesia,    though    they  do    not    precipitate 
obJiU-ealts  in  tbe  cold,  nevertbeless  deconipoae  them  completely  at  teni- 
rraturrs  above  75";    tlie  precipitation    t^f  cobalt-ealta  by   carbonate  of 
nctiaj  and  more  quickly  by  pure  magne^iaj  Las  likewiisc  been  observed 
)obereiiier.   {SchiiK   63*  43*2.)— rhii^pbate  of  toda  yields  a  blue  preci- 
of  pbospbate   of  cobalt  oxide.— Sul|diite  of  potash    (but  not  &ul- 
phito  of  amiiioiua)  bmled  with  a  cobalt-solutioB,  throws  down  part  of  the 
oxide  in  the  form  of  basic  sulphite.  (Bertbier.) — Solution  of  t^ilica  gives 
a  blue  precipitate  with  cobalt-iralts,  and  colours  tbcni  blue,  even  when  so 
r  diluted  that   pota^li   lias  no  effect  on   ibim.  (Fucbi;.) — -Tbe  bydrated 
Dioxides  of  tin  and  lead,  and  protoxide  of  mercury,  completely  preci- 
e  protocbloride  of  cobalt  at  a  hoiJing  heat.   (Demar(;ay.) 
)xalic  acid  produces  turbidity  in  cobalt-sol utione  alter  a  while,  and 
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gradually  throws  down  nearly  all  the  cobalt  in  tJid  Ibrm  oi  fMdi»  nm- 
coloured  oxalate  :  the  same  precipitute  is  produced  by  rsV  '  >x:ftlft(ii 
(even  in  sol utiou  1000  times  di I uteil:  Pfaff).    Ferrucyani  i  tarsias 

produceB  a  green,  and  ferricyanide  of  potassium,  a  thick  brovvii-rcd  prcti- 
pitate  insoluble  in  hydrochloric  acid.  Tincture  of  galls  produces  a  li^ 
red- brown  precipitate  in  the  eolutiou  of  the  acetate,  but  not  in  Uie 
solutions  of  cobalt  in  the  stronger  acids^  except  on  the  additioa  of  aceUtc 
of  potash. 

c.  With  Alkalia. 

d.  With  some  of  the  Earilis  and  Heavy  Metallic  Oxidat, 


B.    COBALTOSO-COBALTIC   OXIDB. 

tf.  Co^O*=6CoO,  Co'O^— The  HydrcUt^—Fortued  by  DrecipiUtinf 
neutral  nitrate  of  cobalt-oxide  with  ammonia — exposing  the  itqaid  tu  t^ 
air  till  the  blue  precipitate  iumfl  green — then  diffusing  the  precipititf 
in  water,  and  ex  poising  it  to  the  air  for  a  month,  till  it  tnms  quite  ycllor* 
The  yellow  hydrate  thus  formed  still  contains  a  trace  of  nitric  acid,  whicli 
cannot  be  removed  even  hy  long  contact  with  water, 

6.  Co'^0'  =  4CoO,GVOl— Formed  hy  keeping  the  hydrated  protoxiJ* 
at  a  red  heat  in  the  air  for  a  considerable  time— or  by  first  reducing  it  tp 
the  metallic  state  by  heating  it  very  gently  in  a  tube  Lhrough  mhxk 
hydrogen  gas  h  passed,  and  then  burning  it  again  by  pafi^iog  air  ULnMi|k 
the  tube. — Soft,  velvet-black  powder,  (Winkelblech.) 
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IT  According  to  Rammelsberg  {Pogg,  78,  93)  the  oxide  formed  by  tguitiitf 
the  hydrate,  carbonate,  or  oxalate  of  the  protoxide  at  a  ino<^iiu#  rcJ 
heat  is  not  Co-0'  but  Co^O^.  The  residue  afforded  by  the  bydmte  can- 
taioed  74*28  p.  c*  of  cobalt;  that  of  the  carbonate,  from  72*G9  to  74'ii; 
that  of  the  oxalates  from  7362  to  74"33  p,  c.  The  formula  Co*0*reqmrfi 
73 '46  per  cent-     At  a  higher  temperature,  Co*0'  is  formed  IT. 

c.  Co*0*=::CoO,CoW.— Formed  when  the  nitrate  or  ox&lmte  of  tk 
protoxide  is  ignited  in  the  air  cither  gently  or  strongly,  or  whetk  tlw 
hydrated  sesquioxide  is  gently  ignited  (Hess);  when  the  seequiazidf  9 
heated  to  low  redness;  and  when  the  hydrated  (sedqiiioxide  is  liefttcd  M 
uite  to  redness.  (Winkelblech.) — Resembles  the  preceding  compounl 
*orm9  a  peculiar  salt  with  oxalic  acid.  (Winkelblech.) 
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Cu  CoBALTic  Oxide.     Ca'0\ 

St^iioxide  of  Cobalt,  KohaH^xyd :  formerly  Frroridt  of  CMl* 
Kohatt^hjfpcrojryd. —  1.  Formed  by  gently  igniting  the  nitrate  oC  Af 
protoxide,  (Proust) — When   this   salt  is  fused,    bl:    V    '  in«iili^ 

looking  pitrticles  separate  from  it,  till  the  whole  is  r  lilni* 

grey  mass.    To  expel  the  remainder  of  the  nitric  aeid  Irom  Uiw  &aMlMi^ 
it  ia  fiaely  pouuded  and  gently  heated  in  a  porcelain  crucibk  a«  \m$  ^ 


COBALTIC  OXIDE.  ^^^  723. 

red  vapours  coBtinue  to  go  off.  It  is  difficult  to  drive  oflf  tlie  wbole  of 
the  nitric  add  ;  for  it  is  very  forcibly  retaiued,  and  at  a  very  high 
temperature,  the  seBquioxide  is  converted  into  Co^O*.  (Winketblecli,) — 
2.  By  decomposing  chloride  of  cobalt  id  the  dry  way  with  carbonate  of 
«oda,  and  washing  the  residue  with  water.  (Hess,  Fogg,  26j  542.) — 
I  According  to  earlier  statementflj  the  seaqtiioxide  is  produced  when  the 
metal  or  its  protoxide  is  gently  ignited  in  the  air;  according  to  Frouatj 
the  carbonate  heated  in  a  covered  crucible  takes  fire  iminediately  on 
opeoiog  the  crucible;  but  according  to  Kesa  and  Winkolblcch,  the  product 
in  these  cafiee  is  only  Co^O*. 

Brownish-black,  As  obtained  by  (2),  it  farms  a  brown  powder  which 
acquires  a  waxy  lustre  by  friction  with  a  hard  body.  (Hesn.) — At  a  low 
reel  heat,  it  gives  off  oxygen  and  is  converted  into  Co^O*.  (Hess,  Winkel- 
blech,)  According  to  Proust,  it  leaves  the  protoxide  when  very  atrongly 
ignited;  and,  according  to  liotbofi*  {Sckw.  22,  320),  100  parts  of  tsest|ui- 
oxide  of  cobalt,  heated  to  redness,  give  oflF  from  9  5  to  91>  parts  of  oxygen, 
and  leave  a  residue  of  protoxide.  [Per  the  other  decomposition,  vid, 
Hydroitd  CobaUic  Oxide.) 

i  Calculation t  according  to  RotLoff.       Wmkelbiech  (1).  Proust. 

«Co ^ ,.       59       ....       7108         .   70"94         ...  79      to      80 

aO  ..,..„ -.„..       24        .  ,       28-92  .  ..         2905  21      „      20 

Co^o* .,    ii  100  DO      ZZ      9^99      T7    Too    „  loo 

Combinattans. — a.  With  Water.— Hyi>ii ate d  Cobaltic  Oxide,  or 
Cobalt ic  Hydrate. — 1.  Formed  by  saturating  water  in  which  hydrate 
or  carbonate  of  cobalt  oxide  m  diffused,  with  chlorine  gas,  then  washing 
and  drying.  (Proust,  Winkelblecb.)  The  same  compound  may  likewise 
be  formed  by  boiling  recently  precipitated  cobalt  hydrate  with  cidorido 
of  lime.  (Bottger  ) — Bromine- water  likewise  coiiverU  the  protoxide  of 
[  cobalt  into  sesqaioxide  and  broniitJe  of  cobalt,  the  latter  difisolving, 
(Balard.) — 2,  By  precipitating  nitrate  of  cobaltoiie  oxide  with  chloride  of 
lime  (Hefls),  or  with  chloride  of  soda  mixed  with  caustic  potash*  If  the 
fKitaeh  were  Dot  added,  uitrate  of  cobaltic  oxide  would  remain  in  solution j 
ihiB  WW  mistaken  by  Dingier  for  cobaltate  of  eoda, — but,  when  treated 
with  potash,  it  yields  a  a  precipitate  of  cobaltic  oxide  without  any  e^^olu* 
tion  of  oxygen.  To  remove  the  chlorine  completely,  it  is  neeesaary  to 
l>oil  the  precipitate  with  strong  caufjtic  of  potaish;  otherwise,  it  will  atill 
emit  au  odour  of  chlorine  when  treated  with  acids.  (Wiukelblccb.) — 
8.  8y  exposing  a  salt  of  ctibaltous  oxide,  supersaturated  with  ammonia, 
to  the  air,  till  it  is  convurted  into  a  brown  liquid,  and  then  precipitating 
by  pota«h.  {Wiukclblccli.)^ — ^Wbcu  any  cobalt-salt  is  exposed  to  the  action 
of  a  voltaic  battery  of  at  least  100  pair  of  large  plates,  cobultic  oxide  is 
deposited  on  the  positive  p(de.  (Fischer,  Kadn  Arc/t.  HJ,  218.) — The 
liqoid  should  be  well  boiled  before  the  precipitate  is  collected  on  a  filter, 
otherwise  it  will  adhere  closely  to  the  paper.  {Wiukelblecb.) 

I  Brownish-black,  densely -aggregated  mass,  having  a  conchoidal  frac- 
ture, and  yielding  a  dark  brown  powder. 

Wiakdblcch.  H»fl> 
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mddiuon  td  s  piece  of  tm:  Ike  aolnCioB  is  red.  In 
acid  tt  djflsolres  with  erolatiMi  ol  m-pgiu,  ^mt  «»irertei'  wla  ptotedl^ 
aod  in  hjdrodilofie  acid  wttk  erolvCioB  «f  cUorae  gpa.  (Pk^pvst)  !■ 
cold  phoapkoric^  aohikiinc^  vitiicv  or  kjdrocUotie  aead,  it  diMlTM  tk  finl 
wiiboni  dMOBfNOotioB  ;  kot  <m  expinre  to  %iil,  or  oa  tke  applleaiioa  of 
kealy  oxjjgeii  or  cUormie  gas  ia  erolred,  and  a  salt  «£  Gokmoni  oddl 
ibiined.  (Wiakelbl^b.) — Racemjc,  tsutaiic,  and  citric  acid  diaaolre  tkt 
bjdraie,  reducing  it  eompletelT  to  tke  ctate  of  protoxide;  kot  •t^''^** 
oxaljc  acid  foimfi  oxalate  of  eobaltoDa  oxide,  and  girea  off  eatkooie  acii 
— The  bjdrate,  if  beated  while  jet  moirt  with  a  aolntioQ  of  oxalala  of 
ammmiia,  dinolTea  with  erolixtioti  of  ammonia^  and  iosins  m  grean  Mlslkt 
of  cobaltoao-eobaltic  oxalate.  (Winkelblech.)  Aqnaooa  aaiVMMua  asaiti 
QO  deeompoeing  action,  eTcn  with  the  aid  of  heat.  (Prooat,  WtBhelhleA) 

6.  CoBALTTC  SAi.T5.<^-Cold  pboaphoric^  fiulpfaoric,  nitric,  and  hjdro* 


chloric  acid  difsolre  the  hydrated  aeaqnt oxide  without  decompoaitioB  at 
firsts  btit  the  resulting  salts  are  afterwards  converted  into  outa  of  thi 
protoxide*  (vid,  sup.)  A  coWltons  ^It  containing  a  email  quantitT  oi 
eobaltic  salt,  has  a  darker  colonr  than  that  which  pft>perl7  belongs  to  it 
^The  most  permanent  of  the  eobaltic  salta  is  the  acetate ;  the  hTdratad 
oxide,  while  yet  moist,  dissolTes  in  acetic  acid  elowlj  but  complalfljr* 
The  intensely  brown  eolation  forma  a  brown  precipitate  with  p«>taah,otf- 
bonate  of  potash,  or  carbonate  of  ammonia;  ali$o  with  ammonia,  wbi^ 
however,  does  not  precipitate  all  the  cobalt.  With  hydrosulphnrir  leid 
and  hYdroenlphate  of  ammonia,  it  gires  a  black  precipitate;  with  allar 
line  piiot^hate^  or  arseniates^  a  brown  precipitate;  with  ferrocraiiidi ^ 
potaseinm,  a  dark  rvd  precipitate,  which,  if  the  precipitant  is  in  tica*^ 
givee  np  cyano^^en  to  it,  and  convert*  it  into  ferriryanide  of  potamflL 
and  b  itself  converted  into  green  ferrocyanide  of  cobalt,  lodida  d 
fiodlum  colours  the  solation  reddtsh-yellow;  alkaline  oxmhUea  coloiit  it 
yellow  after  a  while,  in  conae<j[uence  of  the  formation  of  ooballoio<obiihia 
oxalate.  (Winkelhlech.) 


D,  CobaUic  Acid  I    CoO*. 

Tlie  observationa  which  appear  to  indicate  the  exi^ooa  ol  \t^ 
cnni}>ouiid,  will  be  found  under  the  head  of  CQbal(o-ui(i^€  ^  aiOMM 
(P.  342.) 

CoUALT  AND   CaRBOX. 

Cauboxate  of  Cobalt-oxide,  or  CoBAiT^CAnnoNATE. — gyiMMapt 
— Foni^rd  by  prot imitating  a  col  alt-salt,  at  a  boiliDj;  heat,  with  etmm^ 
monticaiboTiiitc  or  hirarhuimtc  tif  potash.— V      i   i*  '  i^olaaffd  |»^ 


eipitatc* — The  aalt  cxaiuined  by  Wiukel! 


with 


PHOSPHIDE  OF  COBALT.  ^^^^         SSft 

carbonate  of  potash;  tlmt  of  Setterberjej  (Fogg.  ID,  55),  the  composition  of 
which  was  giTcn  under  (1),  was  precipitated  hj  bicarbonate  of  potash, 
the  liquid  being  kept  constantly  boiling]  that  given  nnder  (2),  by  adding 
protochloride  of  cobalt,  in  successive  portions,  to  the  boiling  solution  of 
bicarbonate  of  potaali;  thitt  under  (3),  by  precipitation  at  a  temperature 
below  the  boiling  point;  the  laet-nicutioned  precipit^ite  always  gives  up 
a  small  quantity  of  cobalt  to  warm  water  with  which  it  is  washed* — The 
composition  cerresponds  with  that  of  the  zinc-salt,  even  in  the  quantity 
of  water.  When  coh^U-tialta  are  boiled  with  carlionate  of  soda  in  very 
large  excess,  the  precipitate  turns  blue. 

^B  Winkelhlech,  Settcrberg. 

(I)  ^)  (3) 

5CoO... 187-5  ....  ?0-lt>  ....    70-11     70'0fi  ....  6B-76  ...  68  yi 

SCO* .,..,.....« 44*0  ....  IS'45  .  .    1612     .  .     16-45  ....  18^76  ,.  1906 

4HO -.-.-«.. .,- 3<i*0  ....  13-45  ..      13'5l     .        13-4a  ...  12-48  .  12*03 

5CoO,2CO^  +  4Aii.     267-5  ...lOOOO      .    9l#74     100-00      .     10000     .  .  100^00 

Insoluble  in  water;  soluble  in  aqueous  carbonate  of  amniouiaj  potash^ 
or  eoda. 

When   cobalt'Salts   are   precipitated    in  the   cold  hj  bicarbonate  of 
pot4tfib,  a  rose-coloured,  sparingly  soluble  precipitate  is  formed,  wliich 
contains  potash,  and,  by  boiling  with  water,  is  converted  into  the  salt  just 
^jMcribcd,  (Winkelblecb.) 

^^^B  Cobalt  and  Bohok, 

BoHATE  OF  CoBAiT-oxiDE,  or  CoBALT-uoRATE. — Formed  by  pre- 
cipitatiog  a  cobalt-salt  with  borax.— Reddiak-white  powder,  wliich  is 
scarcely  soluble  in  water,  and  fuses  to  a  dark  blue  glass  when  heated, 

k  Cobalt  and  PHOSi'eoRUS. 

A.  PnospHiDE  OP  Cobalt. — a.  With  a  very  large  excu^  of  CohalL^ — 
1.  Formed  by  throwing  pieces  of  phosphorus  on  red-hot  cobalt. — 2.  By 
igniting  1  part  of  cobalt  with  1  part  of  glacial  phosplioric  acid,  and  ^^  of 
charcoal  powder.  (Pelletier.) — 3.  By  exposing  a  mixtpre  of  70  pts. 
metallic  or  oxidized  cobalt,  100  hone-adj,  50  pounde<l  quartZi  and 
JO  charcoal,  to  the  heat  of  a  blast-furnace  fur  an  hour.  {Worthier.) — Hie 
compound,  when  prepared  by  (I)  or  ^2),  has  the  metallic  lustre  and  a 
bluish-white  colour;  it  is  brittle,  of  acicular  structure,  more  easily 
fusible  than  cobalt,  contains  04  per  cent,  of  cobalt  and  (J  per  cent,  of 
phr>gphorti8,  beconiesi  dull  on  exposure  to  the  air,  antl  burns  to  a  dark 
blue  glass  when  heated.  {Pcllcticr.) — By  (3),  of  a  shining  white  colour, 
very  fusible,  non-magneticj  and  often  has  needle-shaped  crystals  in  its 
cavities.  (Berthier.) 

■  h,   Triphofiphidf.—l.   Phosphurotted   hydrogen   gm   convert   heated 

chloride  of  cobalt  into  a  grey  Bubstance,  inj^oluhle  in  strong  h\^drocliloric 
acid,  but  easily  soluhlo  in  nitric  acid.^ — 2.  Trijdiosphate  of  cobalt*oxi<lo, 
aa  obtained  by  precipitating  the  protochloride  with  diphobphato  of  soda*  is 
easily  decomposed  by  ignition  in  a  streiim  of  h^^rogen,  notliing  but  water 
being  given  otF;  and  triphosphide  of  cobalt  being  left  in  the  £oi:ia  ^^C  '^ 
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aCoO^PO*.    It  nat.  Wverfcr,  be 
ftoiyfciirie  acid  it  miiti  to  the  iwilwi  by  <^ 

m  Uie  f«tort;  mad,  tkb  iii— ijili  haag  hliwtBJ  tbe  iwd 
MM^FO*,  if  io,  tiie  Mtm  willk: 

5(CoO,  po)  ^  laeo  =  5Coo,3PO»  ^^  trap  ^  4H. 

Amaidsof  to  tUs  eqtiAtioii,  2  mlotni  of  wsler  im  asoiikl  In  111*  i 

of  one  aUim  of  tbe  mt     On  evaporation  Uie  djdmlfijed  adi  willi  i 
aetd,  there  remftiiii  71^72  per  cent,  of  ignited  mamofhMfhmim  of  ooUt- 
ojude.  (H.  Row,  Po^.  12,  87.) 

GiP...«^^ ^      37*      Mia 
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C,    PilOSPHITE  OF  CJOBALT-OXIDE,  or  CoBALT-^SOSnUTS, ^To? 

of  pbop(pb«*raii,  dlflnglved  in  water  and  neutralized  bj  ammonia,  giv^ 
proUK-bioritie  of  cobalt,  a  beautifd  red  precipitate,  wbich,  after  «i 
anil  drying,  cxbibits  a  pale  red  colour.     The  filtiute,  which  islill  f 
a  dei?p  red  colour,  deposits  more  of  tbe  compound  aftor  long  batiiog.^ 
Tbo  precipiuto  br^Ued  in  a  retort^  becomes  first  violet,  then  bladt,  j 
gives  ofl'  a  Inr^rc  c|uantitjr  of  water^  together  with   bydrcigoii  gpo  poffii 
tree  from   pboHpborns;  at  length  tbe  mass  eitbibits  a  glinuDoniig  1% 
find  them  tbe  evolution  of  gas  ceaaoa  logetber.  (H.  Roae^  -^'^S^  9t  4^) 

II,    Olll»lNAllY    PlIOftPHATK  OF  C0BALT*0XlDE»  or  ColLU.T*r 

^Hf.  TtfUuic, — Dipbonpbale  of  ttoda^  mixed  with  cobait-aaJte,  If 

llakef,  wbicb,  acixjriltng   to   their   behaviour   with  hydMna   jfm  (vUll 

'>^}^b9)/iM^  o/Cot^ult,  p.  829)|  aboiild  coEtain  3  atoma  S  m* 


SULPHIDE  OF  COBALT. 
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>|o  one  atom  of  acid.  (H*  Eose.)  They  dissolve  in  excess  of  phosphoric 
acid,  forming  a  deep  red  tiolutioD ;  in  animonia,  with  first  a  yellowish  and 
afterwards  a  browDi^h  colotir,  and  slightly  ia  hydrotiblorate  or  nitrate  of 
ammonia, 

E.    PyROPHOBPHATE  OF  CoBALT-OXII>E,  Of  CoBALT-PYROPIIOSPlIATE.^ 

I  The  precipitate  which  cobalt-ealts  form  with  di pyrophosphate  of  sodaj  is 
i^^issolved  by  an  excess  of  the  re-agent.  (Stromeyer.) 
if  F.  Metaphosphate  OF  Cobalt-oxide,  or  Cob  alt-met  a  phosphate. 
— Formed  by  adding  a  solution  of  cobalt-sulphate  to  an  excess  of  dilute 
phosphoric  acid,  evaporating  to  dryness,  and  heating  the  residue  in  a 
pltttioum  capsule  above  816";  it  then  separatee  in  the  form  of  a  beautiful 
rose-coloured  powder,  iiieolublo  in  water  and  dilute  acid,  but  soluble  in 
strong  sulphuric  acid. 

MaddreU. 

CoO  .....„,....._.       37-6       ...       $4-43        U79 

PO*  ........^ 71*4       ...       65  57         C5-21 

~CoO,Po* 108*9       -    loo'OQ      ZZ.     mm 

(Maddrell,  Ann.  Fharm,  58,  ei.)  IT 

Cobalt  and  SuiiPHUB. 

A.  Protobulphide  op  Cobalt.^ — 1»  Formed  by  throwing  sulphur  on 
the  metal  heated  to  redness  in  a  retort,  the  combination  being  attended 
with  fusion  and  combustion,  (Prouwt-) — 2,  By  igniting  the  hydrated  com- 
pound in  a  close  vesi^el,  (Proust.) — 3-  By  heating  protoxide  of  cobalt 
with  sulphur*  (Proust.) — 4.  Anhydrous  sulphate  of  cobalt-oxidr,  heated 
to  whitened  in  a  crucible  lined  with  cbarcoal^  leaves  half  it^  own  weight 
of  eulphitlo  of  cobalt.  (Berthier.)^ — By  (1):  grey,  with  metallic  lustre; 
laminar;  diisolves  eaisily  in  acids,  with  evolution  of  eulpbiiretted  hydrogen 
(Proust);  according  to   (4):   grey,   with  granular  fracture;   magnetic 

1{Berthier). 
Proust  (1). 
Co 29-5      ....       64-84         ,         71*5 
8 16'0       ....       35*16         ...,„.         2B'5 
H                  CoS. 45^       ....     10000        ~.       100-0 

Hydrated  Protosulphide  of  CohuU^  or  Hydm$ulpJmie  of  CohaU-oxtde, — 
Formed  by  precipitating  acetate  of  cobalt-oxide  with  sulphuretted 
hydrogen,  or  any  cobalt-salt  with  an  alkaline  hydrosulphate,  or  by 
bringing  the  hydrate  or  co.rbonate  of  cobalt-yxide  in  contact  with  sulphur- 
etted hydrogen  water.  (Proust.)  Bbck  powder,  When  heated,  it  gives 
off  a  large  quantity  of  water  and  sulphurous  acid  [1],  and  is  converted 
into  dry  sulphide  of  cobalt.  (Proust.)  When  exposed  to  the  air  in  the 
moist  state,  it  slowly  oxidizes,  and  forma  sulphate  of  cobalt-oxide.  Dis- 
solves, with  evolution  of  hydrogen^  in  mineral  acids  when  tolerably  concen- 
trated, very  sparingly  in  cold  dilute  acids,  and  scarcely  at  all  in  dilute 
acetic  acid.  (Wackenroder.)  Dissolves,  while  yet  moist,  in  aqueous  sul- 
phurous acid.  From  sulpliato  of  cadmic  oxide,  acetate  of  lead-oxide, 
hydrochiorate  of  ferric  oxide,  nitrate  of  nickel-oxide,  sulphate  of  cupric 
oxide,  and  nitrate  of  silver-oxidcj  it  precipitates  the  metals  in  the  form  of 
0ul  phidcs .  ( A  iU  h  g  n . ) 
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I'lr  r^-z    jr    -k^-T-^    T-     --i-     ji-T-r-L=- i.  7  ■'•'.  1   "f^         !*:**=.!  the 


m^'A*:  r-i^."7  i  ■*  -,.  *  •■       Tie  7  L-t   jilt  it  r  'ta^  Atar^e,  ci'  a  cok'Or 

Ani«*.::L  tT-^ii.'::*  f  r.i:*^:  .  ;?  rrkzii.'Zf:  !::•£  ^rj^siJli*  BeneL-ss. 
J*ur*s:»;rj  -''.•'.'  :•"  *}  i  -^  iari  rnj  3»:rTc^^\  The  oitire 
•ol^'ijj*  r"=i  -tf  ri-^air-  ii^  ;•■.-!  :ffr'.c«  '^»i  zI^l-w-zk^.  az-i  fases  in  ike 
b^»*r  iio:*^  : .  l  r-^7  3i:lj-:-:'::-'  ':»fiL  fii-T'-rz^  1  rc».c«-T>»lk-w  ccloario 
ta«  -liijir'-.T  ir>»T  ria^C-Oj  t  htvatj  1  ":LiJr  .".r-:-^^  :■:  K':^x  and  micro- 
«o«ni .:  «L-_    I ■.!:=.:>«  ::z  :--:7-i:  ii".'L  ▼."li  «^ani:-.i  :f  «^ifecr.   Sulphide 

«i7'.:.*   .:    TLTz:    i:    i    '•^•■... -i".    t    :::    >     — :.i  Jt?  •-".Till-?  ^f  nicltrL 

ri-r  7.^  >  •  .  r. .-  .:  : :  T  :  :r  ij:  .  *.ll  -  7-:  :-r:.  .:  ri-ii-j.!  ci.l'.r:-.it' if 
''.  .-.Si. •_      .•  r..-i  ■.•e'j.       '/_..-. It    ;  -f-r  r   :  1.::  -;•--  :»  :-  'i-e  o:lJ.  anJ  O'-l 
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I'  h:-'  lyii::  T.  cr  <.'■?.  alt. — 1.  Frtxlo  -.f  c^Vjilt  is  pre|<ire»l  1  / 
r  ^  f . '  -  -  V  :  jT  .  •. ! :.  i'  : }.  -■  re  •:  •■  r : ! y  y  r*"  0:  i  :::i:-:  -i  t  arb-  r.a:o  in  a  cruci  Ho.  :  iji  n 
w.  '.x*'i  V  . ! :.  t  h  r »: •:  :  r.  v^  : :  3  «  c : «- :. :  • :'  ^ v.\  1 1.  u r.  a:: d  i ho  111  i  x i u  rv  >I ■  •«  i J 
h'-^»"i  ir.  a  ^.'li.-t  t-:}*-  t-  1  ton.i  •  raturo  a  liiilo  U1«.'W  rouni>?.  If  lU" 
ii.a--  i-  r,'.'.  -j  .>..;  riark.  it  xi::>:  lo  iijii'.:  i;.;x<.d  ^  :;ii  sulj^liur  ar..l  i;.-!!':!"!. 
—  2.  JJy  j:.  ,:  J-  -'/ijLjro'.i*  ii  l.y-ir.  j- n  over  ^o*•|l:i•'X:.lo  (f  ci'l'..it  ai  i 
t'-fi.p'  rfjv.n-  I.  1.. ;,  K.-Imw  re'ini-.*?.  ai.»i  li-ilinjr  the  M:ioki?h-£:rev  in.i*>  ^'i'^ 
h\''lr.rl\'.t:'  ri'  .|.  'I-;  thi-  Murki-h-irrov  nnss  HL^ftjuij-uIi'liiili?  «.f  C'luii. 
'r  fi  fji.x*'.:'-  '-f  'I:*-  jjr«»t«>-  and  bi-u!i'iii«io5  T  DIark  |-i..»i:t'r.  iii?jiii.:«' 'I 
Jij-tf.  y. t  :i  i#d  l»rrir.  it  civi-?  ntl  .Mil|»liur,  and  loavi-j?  a  ::rcy  .-lilj'Li-li'  ••♦ 
ftsh-.ili.  Not  :ittark«'d  l«y  alkali?  <t  l«v  acid^,  excoplin:;  iniric  a^jtl  iit-I 
vj'ja  r':.'i:i  'J  Ij<'  Milj»!iidc  jin-jarcd  hy  2).  wLeii  exp«i*ed  in  ilu*  ua-:^''- 
fii-t  hUito  to  tJKr  air,  !•<  partly  converted  into  sulphuric  acid  and  al^i^* 
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COBVLT-SULPHATE, 


Co..^„,.*.«,^ 

, 29-5        , 

u.        47  9T        . 
$2Q'S 

SetterWrs 
47*65 

2S „, 

„      S20 

52*15 

Cop 

61-5 

..       100  00 

.,.       100*00 

E.    HvPOSULPniTE   OF    COBALT-OXTDE,    OF   CoBALT-nYPOSULPinTE. — By 

precipiUting  cobalt-sulpliate  with  hjposulpbite  of  strontia,  ruid  evapo- 
ratiDg  the  filtrate  at  a  gontlo  Keat.  It  turns  blue  at  last,  boconiee  ttirbid 
from  dcpositiot]  of  eulpbur,  and  yiebls  a  dark  red  crygtalljne  mass,  wbicli 
bebftTes  like  the  correspooding  Dickel-salt.  (RanimeUberg.) 


CoO ^ 

Crygtaiiiged. 
.,      37-5 
..      460 
..       64-0 

26-88 
34-41 

39-n 

Rammeliberg. 
2fi'8fi 

aw «.....„ 

6HO..... „„„„ 

34-50 

38'04 

CoO,S»0»  +  6Aq.    . 

„     139'5 

10000 

,.„       lOQOO 

P.    StlLPBITE  OF  COBALT-OXTDE,    or  CoBALT-SULPIIJTE, — Otl    bolliTlg    a 

cobalt-fcalt  witb  sulpbite  of  potaab,  part  of  the  cobalt  is  precipitated  in  ibe 
form  of  basic  sulpbite  of  cob;dt- oxide*  wbicb  becomes  wfdl  more  basic  by 
washing,  (Bert bier.)  %  Carbonato  of  cobalt-oxide  dis-^olvos  very  easily 
in  aqueous  sulphurous  acid;  and  the  solution,  treated  with  alcohol,  yields 
ftfioe  red  flocculent  precipitate,  probably  conHijRting  of  cobalt -sulphite  with 
one  Atom  of  water.  By  passiDg  sulphurous  acid  gas  throiig'h  water  in  which 
carbonate  of  cobalt-oxide  is  suspended,  granular  crystaU  are  formed,  coii- 
tainiug  :'»  atom^a  of  water. 

LMuspratt. 
CoO  .» , ..„„,  37-5         ...        3271         ..,.        30H8 

SO»  _ 32-0         ..„         28-03         ....         27-91 

5HC. , ^.  45*0         ....         39*26         ....         4M1 


CoU^SO'+SAq. 


114*5 


lOO'OO 


10000 


(Muspratty  Ann.  Phann.  30,  282.)  If 


G.  HypojgDLPiiATE  of  ConALT-oxniR,  or  Cobalt*iivpo3ulphatk. — 
By  precipitating  sulphate  of  cobalt-oxide  with  an  equivalent  quantity  of 
hypofeidpliate  of  baryta,  and  evaporating  the  (lit rate  at  a  gentle  heat. 
Imperfectly  crystallized^  ro*je-coloured  m^%%  which,  when  heated  to  red- 
iiei<ft,  leaver  47*74  per  cent,  of  cobalt- sulphate.  Disaolves  In  water  with 
great  facility,  but  in  uot  deliquescent. 


CoO *.^»... 

«>» 

6HO 

CuO,S^O^  +  0Aq* 


OryflalHstd, 
3/-5 

720 
51-0 


22  93 
44  04 
33'D3 

100*00 


Ileereu* 

23*08 
44*38 
32 '5 1 

100  00 


fH,  SiTLpnATEOF  Cobalt-oxide,  or  Cobalt-sulpuatk.— <i.  BanicSaff, 
^Formed  by  precipitating  b  vr\i\i  an  insuflicient  quantity  of  alkali. 
Flesh-coloured  precipitate,  insoluble  ia  water,  (BcrKelius.) 
5.  MonomlpJiate, — Found  native  in  the  form  of  Oobalt-viirioL  Obtained 
by  dlBSolying  the  metal,  the  protoxide,  or  the  trarbonate  in  dilute  sulphuric 
acid*  In  combination  with  water,  it  cry^tallieea  witb  difficulty  in  per- 
manentj  carmine- coloured,  oblique  rhombic  prisms,  having  the  forni  of 
green  vitriol,  (Mitscherlich;  Brooke,  Ann,  Phil,  22,  128.)     Fig.   lUj 


334  ^^^^W  COBALT. 

i:uoT  m'^SS"  45';  u  :  m'=82*>  20';  %  :  «i=152'='  45^;  t  :  ^=124°;  i  :  dz 

135''55';i:/=lir53',  (Brooke.)  The  crystals  hare  a  faintly  iwtriB 
gent,  sltglitlj  bitfer,  and  metallic  taste,  and  when  liealed,  give  off  wat^ 
witliout  fusing-j  and  become  opaque  and  rose-col  on  red :  tbey  do  not 
with  their  acid,  even  at  a  red  lieat.  (Proust)  They  diesolve  in  24  p&rtol 
cold  water,  hut  not  in  alcohoL  Glacial  acetic  acid  precipitates  tne 
completely  from  its  aqueous  solution,  so  that  not  a  trace  of  cobalt  renu 
in  the  liquid.  (Person.)  Marks  made  on  paper  with  the  solution,  tul! 
red  when  the  paper  is  wanned.  (Protaet.) 

Anhydrous.  RoUiolf. 

CoO 37-5         ...         48-39        .«.         47  89 

SO*  ,. „.„.         40-0         ..,.         51  61         ..„         52' ri 

CoO,  SO*..,. tfl        Z       100-00        Z       lOD'Od 

CiyttalHsed,  Bucholx.  Mieseberlk^.  PrOUli^ 

CoO ,„ 37-5     .,..     26-69  ....  301             ^»,«                      *• 

SO*.™.. .„«» 400     ....     28-47  ...  26J       "     *^' "*                      ^ 

7HO 630    ...,     4484  ....  44       „.,     42'7                     42 

140-5     ..„   lOO'OO     ...  100  lOO-O         ....       W 

Wlien  native  CohaU-vitriol  from  Bieber  is  freed  by  solution  in ' 
and  fillration,  from  admixed  arseniate  of  manganona  oxide,  the  qu 
of  which  is  much  below  1  per  cent.,  the  crystals  obtained  from  tb6  fill 
exhibit,  according  to  Winkelblech,  the  following  compoeition  : 

Winkdbledb. 

IMgO „.^,  20  0         ....  3-67         ....  3*87 

3CoO 112-5        ...  20'66         ...  19  91 

4SO« 160-0         .,„  29-39         ....  29*05 

28HO 252*0  4fi-28         ...  46'8Sj 

544*5         ...         10000         .7         9966 

I.  SuLPOOCARBONATB  OF  CoBALT. — Aqucoufi  sulphocarbonate  of  < 
cium  forma  with  cobalt-salts,   a  mixture  which  has  a  deep  olive-gree*' 
colour  by  transmitted,  and   black    by  reflected   light:  after  24   boni9>  it 
deposits  black  flakes^  the  lic[uid  retaining  a  dark-brown  colour. 


CoBAtT  AND  SBLEintFK, 

A.  Selenide  of  Cobalt. — Heated  cobalt  combines  with  selenin 
forming  a  grey  mass,  which  exhibits  metallic  lustre  and  cnrstalline  Btm 
turo,  and  fu^ea  at  $k  red  heat :  the  combination  is  attended  with  igiuua 
(Berzeltus.)  ^ 

B.  Selentte  op  Cobalt-oxide,  or  Cobalt-selekitk. — a.  M^. 
nUe. — ^Rose-colonred  powder,  insoluble  in  water.   (Berxelius.)— -6. 
nii^.     Remains,  on   evaporating   the  aqueous  solutiont  ^  ^^^  ^orm  of  I 
trans  parent  purple- red  gum.  (Berzclius.) 


C*  CoBALT-SRLBMiATB,*— Identical  in  crjst&Uitie  form  with  the 
phate.  (Mitsdiertkh.) 


COBALT  AND  BROMTNB. 


SS5 


Cobalt  akb  Iodine. 

A,  loDTDE  OP  CoBALT,^ — CoI.^Pttlverized  cobalt  and  iodiiie  heated 
bgetber  in  agla^s  tube,  unite  and  form  a  grejis^h-^TecTi  mnss  which  \ms  no 
Metallic  lustre,  fases  when  heated,  but  does  not  sublime.  (Erdmann,  J.  pr, 
rtfni.  7,  354,)— By  evaporating  the  aqueous  eolution,  a  dark  green 
eliqnescent  mass  is  obtained*  (Erdmaiin,  Rammekberg.) 

Aqueous  Iodide  of  Oohallj  or  ff^driodute  of  CohaU- oxide, — ^1,  When 
cobalt  reduced  by  hydro^n  is  placed  in  cootact  with  iodine  and  water, 
the  temperature  of  tlie  liquid  rises  to  the  boiling  point  and  a  red  aolution 
is  formed. ^ — 2.  Dry  loditie  of  cobalt  forms  with  a  small  quantity  of  water 
a  greon  solotion  (Erdraann),  or  brown  (Rammel^berg);  with  a  larger 
quantity  of  water,  it  forms  a  red  solution. — Iodide  of  cobalt  m  soluble  in 
aLcohoL  (Erdmaun,) 

B-  Osey-ioduie  of  Cobalt  f-^CijOyCol, — Ammonia^  added  to  a  dilute 
solution  fif  iodide  of  cobalt,  colours  the  liquid  brown,  and  throws  down  a 
blue    precipitate  which   turua  green  by  oxidation  during  waahiug  and 

ing.  (Ramraelaherg,  Fo^^.  48,  155.) 


Unn 


C.  Tod  ATE  OP  CoBALT'OxiDE,  or  CoBALT-ioDATE. — The  solution  of 
recently  precipitated  carbonate  of  cobalt-oxide  in  aqueous  iodic  acid 
yields,  both  by  cooling  and  by  evaporation  of  the  mother-liquid,  violet-red 
crystalline  crusts,  which  give  off  5' 5  per  cent,  of  water  at  200',  and,  on 
inibeequent  ignition  in  a  retort,  are  resolved  into  iodine  vapour,  oxygen 
-gas,  and  black  cobalto30*cobaltic  oxide,  Co^O*,  which  still  retains  the 
lerystalline  form  of  the  salt.  They  dissolve  in  148  parts  of  water  at  15% 
nd  in  90  parta  of  boiling-water,  (Rammelsherg,  Pofjft/.  44,  561.) 


CoO 



Anhydrom. 

37-5     .*,,     18-43 

166*0    ...     Bl-57 

Rammelsberg. 
18-35 
61*65 

CoOJO* 

203 '5     ....  lOO^OO 

....       100-00 

CoO  

Crsftiainzed. 
...       37-5     .,.       17^65 
...     1660    ....       7812 
9*0     ...         4-23 

RammelBberf. 

10*    

BO   



Z              5*5 

CO,Io»  + 

Aq, 

212  S     . ..     100  00 

Cr*DALT    AND    BrOMIXI?. 

I  A.  Bromide  op  Cobalt.— L  Cobalt  at  a  dull  red  heat  takes  up 
iTapour  of  bromine,  forming  a  green  compound  which  fuses  and  is  partially 
[decomposed  at  a  higlier  temperature,  (Berthemot,  Atin.  Ckim,  Fhys. 
144,  39  L) — 2.  The  crj^stala  of  the  hydrated  bromide  leave  a  bluish-green 
fesidne  when  heated.  (Rammelaberg,  Fogg.  55 ,  244.) 


Co  

Br 

29*5     .- 

„... 78*4     . 

..     27-34 
..     72*66 

BcrtlieiQot. 
27-4.^ 
72-5J 

CoBr  

,o  107-9     . 

...  100-00 

....       lOO'OO 
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COBALT, 


Hydraied  Bramide  of  Cobalt,  or  HydrchnmaJte  of  C(3hali*4aiie,-^ 
Bromide  of  cobalt  deliquesces  rapidly  in  the  air,  rormitig  a  red  lic^iiid;  tW 
eatno  aolution  ia  olitained  by  beating  cobalt  with  bromine  and  water.  The 
iolntion  turns  red  on  evuporatioiij  leaving  tbe  green  anhydroufi  cx>nipotiiid 
as  a  residue.  Ammonia  added  to  tbe  BoTution  tbrows  down  a  {irecipitatt 
wbicb  is  soluble  in  excels.  (Bertliemot.)  When  the  solntion  iaeraporated 
over  oil  of  vitriol,  red  cryetab  are  obtained  which  soon  effloresce  in  tht 
dry  air  of  the  receiver,  but  deliquesce  when  exposed  to  the  atmosphcw 
in  ita  ordinary  state.  (RammeUberg.) 

B*  Bromate  of  Cobalt-oxtde,  or  Cobalt-bromate. — By  |»recipi* 
tilting  sulphate  of  cobalt-oxide  witbbroraate  of  baryta,  and  evaporaibe 
tbe  filtrate  over  oil  of  vitriol,  transparent  regular  octohedrotis  are  oolaiiii4 
having  a  hyacinth-red  colour.  They  are  isoniorphooa  with  th«  brotnmlef 
of  magnesia,  zinc-oxide,  and  nickel-oxide.  When  hcate^l,  they  wn 
resolved  into  bromine  vapour,  oxygen  gas,  and  sesfjiiioxide  of  eobilL 
They  dissolve  in  2*2  parts  of  cold  water;  and  the  solution  evaporated  si 
a  gentle  heat,  gives  off  bromine  vapour  and  deposits  scsquioxide  of  cobalt. 
(Rammeleberg,  Po^g>  55^  7L) 


BrO*.. 


37'5     ,„.     24-06 
IIS'-I     ....     75-94 


CoO... 

BrO*, 
GliO 


Orjftialiited. 
37-5        .     17-8G 
llS-4  56-41 

54  0     ,.,.     25'7S 


IB'tB 


CoO^BrO*  U5-9     ....  10000 


+  6Aq 209-9 
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Cobalt  and  CiiLoRrNB. 


A.  Chloride  op  Cobalt. — 1.  Heated  cobalt  powder  takes  fiw  ia 
cblorine  gas,  (H,  Davy.) — Finely  divided  cobalt  takes  fire  in  a  stream  «l 
chlorine  gas  and  produces  blue  crystalline  scales,  (H.  Rose,  Pogg,  24, 157.) 
— ^Chloride  of  cobalt  is  likewij^e  obtained  by  heating  the  iiulpliide  ta  t 
stream  of  chlorine.  (Feilenberg.) — 2.   By  evaporating  the  i  olotkia 

of  chloride  of  cobalt  to  dryness,  till  the  red  colour  of  tbe  \\  ir^c^ttf 

grceniish-bhie. — The  chloride  thu8  obtained  is  a  blue,  luoiciy  cobeTBttl 
mass,  which  does  not  turn  red  on  cooling,  but  only  on  expck^ure  totlieair, 
the  change  being  then  due  to  absorption  of  water,  Wb<^n  Ptron^ly 
ignited  in  a  retort  (Proust,  Bucholz),  or  in  a  tube  through  which  rh)ona« 
is  passed  (Fclleuberg),  it  sublime.'^  after  fusing  (Proust),  or  witl  ^ 

(Fellenberg)  in  soft,  loose*  crystalline  spangles,  which  are  elipi  tii» 

touchy  nod  flax-bloNSom-colourec],  according  to  Pronst,  blue  acoordtnf  10 
Bucholz,  and  bluiiih -green  according  to  Foil  en  berg* — Chloride  of  ooMt« 
wlieu  fuse<i  with  phosphorus,  yield-^  chloride  of  phoaphorns  and  phoepkidf 
of  cobalt.  (H.  Rose,  P(^g^  11  j  117.)  It  is  decompotwHl  by  pho«phufvttf«l 
hydrogen  gas  as  easily  as  proti>clih^ride  uf  copper.  (H,  liu«e.)  With  oil 
of  vitriol,  even  when  cold,  it  gives  off  hydrochloric  acid  and  chlorine  \\\ 
^aJH,  an*l  forms  sulphate  of  cobalt-oxide,  (A.  Vogel.)— W^ith  aqaeoii 
hypochlorous  acid,  it  evolves  chlorine  gas  and  yields  a  preeiptMi  «f 
hydrated  se.'st^uioxido  of  cobalt.  (Balard,) 


Co....*..*.....,., 

29  5 

45-45 

€1 

35-4 

M'%% 

CoCl 

64-9 

.„.       lOOOQ 

COBALT  AliD  FLUORINE, 

Hydraied  and  Aqutom  Chloride  of  Cobalt,  or  EydrocMorate  of  Cohtxlt- 
oxide. — Chloride  of  cobalt,  even  after  Bublimation,  takea  up  water  and 
turns  red  on  eipoaiiro  to  tlie  air,  and  is  afterwards  easily  soluble  in  water; 
but  the  sublimed  cUloride,  if  not  previously  exposed  to  Ibe  air  for  a 
sulficicnt  time,  requires  12  hours  or  more  to  effect  its  complete  solution. 
(Proust,  Bucholz,  Fe  lien  berg,) — The  same  liquid  is  obtained  by  dis- 
solving the  pure  bydrate  or  carbonate  of  cobalt-oxide  in  hydrochloric 
acid,  or  by  clissolving  tbo  metal  in  hydrochloric  acid  or  aqua-regia, 
— Tbe  red  solution  evaporated  and  cooled  yields  crystals  belongmg  to 
tbo  oblique  prismatic  system,  I'^ig,  101,  but  without  the  6-  or  c-face 
or  tbo  face  below  it.  i :  u  or  tt'  =  109^  31';  i:t=  122°  20';  i  if  behind 
=  106'  20';  t  :/=  13r  20';  u\d^  IT  20';  uit^  128'  40^.  Cleavage 
distinct  parallel  to  i,  less  distinct  parallel  to  it,  (Brooke,  Ann,  PhiL 
23,  364.)  The  crystals  are  camiine- colon  red  and  do  not  deliquesce  in 
the  air.  According  to  Proust,  who  probably  obtained  them  from  an 
acid  liquid,  tbey  are  blue,  and  turn  red  in  the  air  by  absorption  of  water, 

Tbe  carmine-colouredj  aqueous  solution  of  dry  chloride  of  cobalt  or  of 
tbe  crystals,  turns  bine  when  mixed  with  strong  bydrocbloric  acid  or  oil 
of  vitriol  J  the  change  taking  place  sooner  the  lower  the  teuiperature* 
Tbe  red  colour  is  restored  by  addition  of  water,  and  partly  also  by 
cooling.  Tbe  more  dilute  solution,  if  it  contains  free  acid,  likewise  turns 
blue  when  evapnratcd  hy  beat  or  in  vacuo  over  oil  of  vitrioL  (A.  VogeL) 
In  a  similar  manuor,  marks  made  on  paper  with  this  solution,  turn  bin© 
whenever  tbe  papier  is  heated,  and  resume  their  pale  rod  colour  on 
exposure  to  tbe  air,  doubtless  by  recovering  their  water.  If  the  cobalt 
solution  contains  small  quantities  of  ferric  oxide  or  larger  quantities  of 
nickel-oxide,  the  blue  colour  is  replaced  by  a  bluisli-green  or  a  green  tint* 
Tbe  liquid  discovered  by  Waitz,  called  HelloCs  Sympadtetic  Jnk,  is  a 
solution  of  this  kind  j  it  may  likowiso  be  prepared  by  dissolving  zaffre  ia 
hydrochloric  acid,  or  by  mixing  cobalt-nitrate  with  sal-ammoniac  or 
oommon  salt.— ^ince  anhydrous  chloride  of  cobalt  is  blue,  the  blue  tint 
apjjears  to  result  from  the  formalmu  of  this  compound:  beat  drives  off  the 
Water,  and  string  acids  abstract  it.  If  the  existence  of  hydrogen-acid 
salts  be  aasuraed,  we  must  suppose  that,  when  this  change  of  colour  takes 
place,  the  red  hydrochloralo  of  cobalt-oxide  is  converted  into  blue 
chloride  of  cobalt;  on  the  contrary  supposition,  the  explanation  will 
perhaps  he,  that  tbo  solution  of  hydrated  chloride  of  cobalt  in  watery 
liquids  is  red,  while  that  of  the  anhydrous  chloride  is  blue. 

Cobalt  cannot  be  converted  into  a  sesqniclilorido  by  treating  it  with 
excess  of  chlorine;  but  the  recently  prepared  solution  of  tbe  hydrated 
ftesqnioxide  in  cold  hydrochloric  acid  contains  this  compound.  (Winkel- 
Diecn' I 

IT  B.  Chlorate  op  Cobalt-oxibe,— Co 0, CI 0*4-6 Aq,— Crystallizes 
in  cubes  combined  vvith  octobcdrons.  Decomposed  by  ignition  into 
ehlorlne,  oxygen,  aod  a  residue  of  oxido  and  chloride  of  cobalt*  (Wachter, 
Ann.  Fharm.  52,  233.)  TT 
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A,  FLroRii>E  OF  Cobalt  and  Hvbrofluate  of  Cobalt-oxtde.— 
The  solution  of  carbonate  of  cobalt-oxide  in  excess  of  aqueuus  hydro- 
fluoric acid  <ieposits  on  evaporation,  aj5  tbe  free  acid  escapes,  a  rose- 
coloured,  crystalline  crust  (Gay-Lussac  &  Theuard.)    Tkia  couv^^^VCvwi 
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€«muiii  if  il  MMUled  wbollj  of  a  odi  of  ibo  pMox»ik.  ( WtakelUecbJ 
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coloured  Bolotion  yields  red  cfjslaU  oo  em>onlioil,  Tbey  deJiijoewi  ii 
oioitpt  atr,  and  caotaia  6  atoms  of  water,  (Milloii»  Compi,  rmd^  11,  Ml) 
Thrj  fu««  beloir  1C0%  and  at  a  bi|rtier  t^mpcmiyre  giim  off  valiriai 
tnctt  into  a  viDlet-red  liqald,  n  liich  afti^rwnrds  becomes  gften  miKl  ibicUd^ 
"id  h  ultimately  converted,  with  liolcnt  intumeaeoiteo  mud  nrolatM  d 
:qum  fumed)  into  black  iee^nioxide  of  cobtll^ 
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pftper  with  the  soktion  of  this  sulij  assume  a  pea^h-bloBSom  colour  when- 
ever the  paper  is  heated.  (Proaat.) 


CoO. 
NO* 


Anhydrout. 

37-5    40&8 

54*0     ...     &902 


CoO... 
NO*,. 
6Ua 


CrytiaHiitd. 
37-5     ....     25*78 
540     ..«     37  11 
b4^    ,.„    37  11 


CoO,NO« 


91-3 


100*00 


+  SAq.. 145-5 


i  00-00 


Protoxide  of  cobalt  neither  dissolves  nor  suffers  any  alteration  when 
immei^ed  in  aqueous  .4 ?4wio«tci  cither  warmer  cold;  but  if  an  aramoniaciil 
salt  be  added,  and  the  air  liaa  access  to  the  litjuid,  the  oxide  dissolves 
and  forms  a  brown  solution,  (Winkelblech,) 

B.  Carbonate  of  Cobalt-oxide  and  Ammonia. — Cohaltom-ummomc 
Carbonate. — Formed  by  dieeolviEg  carbonate  of  cobalt-oxide  in  aqueous 
carbonate  of  ammonia^  or  in  pure  ammonia^  whereby  the  oxido  ia  sepa- 
rated out;  or  by  dissolving  hydratcd  cobalt-oxide  la  carbonate  of  am- 
monia, whereupon  ammonia  ia  perhaps  set  free.  Carmine-coloured  liquid 
which  is  not  rendered  turbid  by  water,  so  long  aa  it  contains  but  a  slight 
exceiis  of  ammonia.  (Proust.)  When  exposed  to  the  air,  it  deposits  small 
crystals  of  cobalt  carbonate. 

The  ro»e*coloured  solution  of  Mdaphoaphate  of  cohalt-oxide  in  Am* 
mcnia  yields  no  deposit  on  exposure  to  the  air,  even  if  it  be  ev^aporated 
lo  the  consistence  of  a  syrup.  (Persoz,  Ann*  Chim,  Phys*  56,  333.) 

^  C.  CoBALTO-HYPOsuLPHATE  OP  Ammonia. — A  conocntrated  solution 
of  hyposnlphate  of  cobalt-oxide^  tnixefi  with  ammonia  and  healed,  violda 
ft  green  precipitate  and  a  violet-red  liquid  from  which  red  crystals  are 
deposited  ia  the  cold.  The  motlier- liquid  becomes  turbid  when  erapo- 
ratedf  from  deposition  of  hydrated  cobalt-oxide,  and  nltimately  yields 
erystals  of  hyjio^ulphate  of  ammonia. ^ — Ked  rectangular  prisms  which  soon 
turn  brown  and  lose  their  lustre.  With  water  they  are  resolve<l  into  a 
pale  red  eolution^which,  besides  a  small  quantity  of  cobalt,  contains 
ammonia  and  hypoaulphate  of  ammonia— and  green  dakes,  which  contain 
cobalt  and  hypos ulphuric  acid  but  no  ammonia,  dissolve  in  cold  hydro- 
ehloric  acid  with  evolution  of  chlorine,  and  probably  consist  of  basic 
hypos ulphato  of  cobalt- oxide.  (Rammelaberg,  Pogg^  58 ,  2d6.) 


5NH>.. 
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2S=»0*  . 


CryataUtMed. 
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144       M»       4615 
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44^60 
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10000 
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D.  A MMONio  SULPHATE  OP  CoB ALT-OXIDE, — Anhvdroua  sulphate  of 
cobalt'Oxide  absorbs  6f)*48  per  cent,  of  amraoniacal  gas,  with  strong 
evolution  of  heat  and  considentble  tumefaction,  and  forms  with  it  a  very 
pale  reddisb'white  powder  At  a  moderate  red  heat,  this  substance  melts, 
turns  blue,  gives  olF  a  large  quantity  of  ammonia,  and  yields  a  small 
anbliniate  of  sulphite  of  ammonia.  It  dissolves  in  water,  It^rmiug  :i 
reddish  solution,  ivith  separation  of  green  flakes*  (H.  RosCj  ^og^jf* 
20,  152,) 

7.% 
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H.  Rote. 

3NH'   ,...„,. , »....      510       .».      39*ef        • 39M 

CuO^SO* „„..„„       77*5      ....      6a'3l        6007 

3NH'  +  Co0,SO5    128-5       ,„.     lOO'OO         ZZ       1 0000 

E.  Sulphate  of  Cobalt-oxide  and  Ammonia. — Rod  crysttU^ 
NH*0,  SO^  +  Ct>0,  S0H6Aq,  isortiorplious  witli  those  of  sulphAte  of 
roagnesia  aud  ammonia.  (Mitscherlicli,  comp.  Proust,  N,  GtkL  3,  41 U) 

F.  Ammonio-iodide  of  Cobalt*  —  Tcrh(uic, — Dry  iodido  of  oohtll 
becomes  strongly  licated  in  a  stream  of  ammoniacal  gjSts,  ewclUng  up  ani! 
absorbing  28-695  per  cent,  of  the  gaSj,  and  k  coQyerted  into  a  roodlkk 
yellow  powder.  (Rammelsberg,) 

RainnieUbcn. 

3NH> 510      ,..,      24*70        22*30 

Col 156-3       ,,.       75  30         .  .  77-70 

3NH^CoI    206-5      ..„     lOO'OO        ZZ.       lOOOO 

h,  Bibask. — The  concentrated  solution  of  iodide  of  cobalt  forms  wttK 
ammonia  a  reddisb-wbite,  pulvenileiit  precipitate,  wbicK  disdolTes  wto 
heated,  leaving  only  a  few  dark  ;;reen  flakes,  and  forms  a  violet  Uqujd; 
tbis  solution  assumea  a  deep  red  colour  on  cooling,  and  «oon  depoffitt 
sin  till  ro.se-culoiired  crystals,  having  the  same  composition  aa  the  reddi^* 
white  powder.  The  crystals,  when  lieated^  leave  a  residue  of  iodide  of 
cobalt;  and  when  this  residue  is  diaaolved  in  water,  ID  per  cent  of 
oxy-iodide  of  cobalt  rcmaina  nndiasolved,  and  ammonia  and  water  an  mH 
free.  The  water,  which  amounts  to  between  3  and  7  per  cent,  doet  nM 
appear  to  be  essential  to  the  constitution  of  the  compound;  it  doM  ao^ 
ho  we  re  Fj  escape  till  the  temperature  is  raised  abore  100%  and  OMdMl 
therefore  be  removed  without  decomposition  of  the  sabstaocew  lis 
crystals,  even  when  dried  in  the  air,  give  off  ammonia^  turn  brownisfa^W 
afterwards  green.  When  the  crystals  are  dissolved  in  water,  ammooiaii 
set  free  and  oxy-iodtde  of  cobalt  separates  in  green  Bakes;  the  coloarhtf 
liquid,  wbieb  contains  much  iodine  and  a  small  quautitv  of  eoMi, 
acquires  a  reddish  colour  by  exposure  to  the  air.  (Ramoietibecg,  Foff* 
48,  155.) 

j\fier  deductinff  ikt  water,  lUaiaielibeif. 

2NH»   .. 34  0      .,,,       17-94 

Col 155-5      -,    a2^      .  ■„.      m^u 

2NH»,CoI 189-5      ,*..     100*00 

G.  loDATB  OP  CoDALT-oxfBE  AND  Ammonia. — The  re4*browa  iolt* 

tion  of  cobalt- iod ate  in  ammonia  yiebbj^  on  the  addition  of  alcohol,  a  fitlo 
rose-coloured  precipitate^  which,  when  heated,  first  bocotiiM  y^Uom^ 
brown,  then  black,  and  gives  oti*  ammonia,  iodine,  oxygen  gai^  tai 
water.  The  compound  in  likewise  decomposed  by  water,  (Rimwthhwg 
Po<7^.  44,  561.) 

H.  AmmoniO'Bromide  op  Cobalt.  —  Anhydrous  br*  *  f  cotmU 
abvorb*  amnioniacal  gi*s  and  is  converted  into  a  red  pow.i  ii  tuJii 

brown  after  some  time.  Tbis  substance  gives  off  it^  anituouia  wImi 
bt*att*d.  Water  immediately  resolves  It  into  green  flakes,  which  e««ot** 
bromino  even  afber  waishing,  and  a  light  brown  aniniuniacal  linnid,  wJikK 
when  eraporat«d  over  oil  of  vitriol^  It^ves  a  broH^i^  amorpiioofl  naa^^ 
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be  latter  dieeolvee  in  water,  forming  a  red-brown  solution,  and  leaves 
residue  of  brown  hydrated  sesquioxide  of  cobalt.  (Ramnielaberg,  Fogg* 
}5,  245.) 

Rammelsberg. 

3NH'    51*0      ....       32-09        ,...         31-2 

CoBr    10?-9      .,„       67*91         „„         69'8 

3NH»,CoBr 158-9      Z.     100  00        .,..       1000 

I.  Ammonm-Be^qmhromide  of  Cobah  ? — A  con  ceu  I  rated  sulntion  of 
otnide  of  cobalt  saturated  with  ammonia  yields  blue  Hakes  and  a  red 
jquid;  tbe  former  quickly  turn  green  when  exposed  to  the  air;  the  latter 
'  irns  brown  and  sonietimea,  though  rarely,  yields  a  few  redj  square  tables. 
These  crystals,  when  heated^  give  off  ammonia  and  hydrobromate  of 
imonia,  then  bromine,  and  leave  a  green  residue  of  bromide  of  eohalt. 
Tbey  dissolve  in  water,  forming  a  red  eolation,  which,  soon  after  boiling, 
becomes  turbid,  gives  off  ammonia,  and  yields  a  brown  precipitate  of 
hydrated  eestjuioxide  of  cobalt;  potjish  does  not  precipitate  tbe  bydnited 
«e»quioxide  till  tbe  liquid  is  boiled,  Tbe  crystuU  are  probably  a  com- 
■M>und  of  se^quibromide  of  cobalt  with  ammonia. — When  the  solution  of 
bromide  of  cobalt  supersaturated  with  ammonia  and  turned  brown  by 
exfM>sure  to  the  air — in  wbicb  ^tate  it  gives  no  precipitate  with  alcohol- 
ic gently  evaporated^  it  deposits  brown  bydrated  sesquioxide  of  cobalt; 
and  the  filtrate,  if  left  to  evaporate  over  oil  of  vitriol,  dries  up  to  a  brown 

fiiss,  which  may  be  freed  by  wasbing  with  alcohol  from  the  admixed 
•ystals  of  hydrobromate  of  ammonia.  The  brown  residue  dissolved  in 
email  ouantity  of  water  and  filtered  from  tbe  reprodueed  bydrated 
■eftquioxidej  deposits,  on  the  addition  of  alcohol,  a  brown  powder  which 
contains  ammonia,  and  forma  a  dark-coloured  solution  in  water;  it 
contains  20*39  p.  c.  ammonia,  22  GT  cobalt,  3T"75  bromine^  and  a  largo 
quantity  of  water— probably  aCo'O^  2Co=Br3,  15NH»+20Aq.  {Ram- 
melsberg.) 

K<  CohaliO'hrmmU  fjf  Ammonia  f — ^Bromato  of  cobalt-oxide  heated 
with  ammonia  forms  a  blue  precipitate  which  tarns  green  in  the  air,  and 
a  dark  red  eolntion  which  acquires  a  dark  brown  colour  by  exposure  to 
Ihe  air,  and  when  sufficiently  concentrated  and  exposed  to  a  low  tempera- 
iure,  deposits  red  needles.  If  it  be  then  cvaporatedj  it  becomes  turbid 
and  deposits  brown  bydrated  sesquioxide;  and  if  afterwards  filtered, 
mixed  with  a  small  quantity  of  ammonia  and  evaporated  over  oil 
of  vitriol,  it  deposits  dark  browu  spherical  aggregates  of  small  crystals, 
wbicb  are  apt  to  decompose  and  exhale  bromine  during  drying.  They 
deliquesce  in  the  air  with  tolerable  rapidity  and  form  a  brown  mass; 
dbeolve  without  tnrhitlity  ia  water;  evolve  chlorine  [bromine?]  when 
treated  with  hydrocbloric  acid,  and  ammonia  when  treated  with  potaab, 
liydraied  sesqui oxide  of  cobalt  being  precipitated  in  tbe  latter  c^ise. 

Crystallised.  Rammelsbcrg. 

7NH> 1190       ....       11-85  I*..         11^85 

Ca=03 ....I         83*0       ..         8'26  .,„  8'56 

CBfO* „ „.       G94'4       ....       69' 14  ,„.        67*96 

12HO... lOB-0       ....       1075 

^  1004*4       ,...     lOO'OO 

recording  to  this,  the  compound  should  be:  NH\CoW+6(NH',BrO*)  + 
12 A q,  or  if  cobaltic  acid  be  supposed  to  be  present  instead  of  the  sesqui- 
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oxide:  NH^2CO''  +  6(NIP,BrO'^)  +  12Aq.     EammeUberg   deduces  frum      i 
his  analyses,  the  formda:  (4NH»  +  CoW,  3BrO»H-9A<i)  +  2NH*,BrO*.         ' 

L.  A MMONio  CHLORIDE  OP  CoBiiLT. — Bry  cliloridd  of  cobalt  tptj 
rapidly  absorbs  52  43  per  cent,  of  ammoniacal  gas,  the  combination  bfiqg  ! 
atteoded  with  rise  of  temperature  aad  intumescence;  the  product  is  &  I 
bulky  powder  of  a  very  pale  reddish-white  colour.  This  aubstance  wbeii 
ignited  gives  off  a  largo  quantity  of  ammonia  and  a  little  ^al-ammooiaiv 
and  leaves  a  bine  mass  only  partially  fjoluble  in  water.  The  naignitel 
powder  forma  a  red-brown  solution  in  water,  green  protoxide  of  oobatt 
being  separated.  (H.  Rose,  Po^^.  20,  157.) 

H.  Rose. 

2NH>    .„„ .M^      34  0      ....      34-3$        .  .         3110 

CoCl 64'9       „„       65-62  ,.         65*60 


2NH»pCciCl_ 98-9 


100-00 


100  00 


M*  FttroBiDB   OF  Cobalt   and  AMMONitrM.  —  Pale   red  erystiniM 

granules,  sligbtly  eoluhle  in  water.  (Berzelias.) 

N.  Nitrate  of  Cobalt-oxide  and  Ammonia, — Formed  by  mixini 
a  solution  of  cokilt- nitrate  [containing  excess  of  acid  t]  wiib  aimnonbi 
Rose-coloured  cubes  and  funnel-sbaped  masses  like  those  of  coromoa  td^ 
permanent  in  the  air,  having  a  urinous  taste,  and  deflagrating  iti  » 
red-hot  cruoiblcj  like  nitrate  of  ammonia,  (Th^nard,  Scher,  J,  10,  4i6  ) 

0.  Cobalto-nitbate  op  Ammonia. — A  perfectly  neatral  aolntienil 
cobalt-uitrato  yields,  with  ammonia,  a  blue  precipitate  which  soon  turn 
green.  The  liquid  becomes  brown  in  the  air;  and  if  it  be  shakni  ^ 
with  air  for  some  time  in  a  closed  vessel,  oxygen  is  absorbed,  and  ihf 
whole  of  the  green  precipitate  ultimately  dissolved.  (According  to  Wii- 
kelblecb,  the  precipitato  is  but  partially  rcdissolved.)  The  clear  dait- 
brown  solution  thus  ohtaiued,  deposits  at  a  low  temperature  brown,  tiaoi' 
parent,  four-sided  prisms.  If  the  cobalt-sol ntion  contains  excess  of  nitne 
acid,  it  fonna  with  ammonia  a  clear  red  mixture*  which,  when  agitatri 
with  air,  is  converted  into  the  same  brown  liquid. — An  acid  solution  vt 
cobalt-nitrate  supersaturated  with  ammonia  in  a  tube  lilled  with  otjpi^ 
gas  and  standing  over  mercury  (whereby  no  turbidity  is  produced)  uJ 
then  agitated,  absorbs  3  9  pts.  (nearly  J  At.)  of  oxygen  for  every  37*1 
pte.  (1  At.)  of  protoxide  of  cobalt  dii^olved.  This  would  indicate  tli 
lurmation  of  eesquioxide  of  cobalt,  were  it  not  that  we  may  suppoM  ihil 
part  of  the  cobalt  remains  in  solution  as  protoxide,  and  Uiat  etHaii 
decompositions  of  the  liquid,  «.  (/.  the  evolution  of  nitrogen  by  potid^ 
seem  to  denote  a  higher  degree  of  oxidation. 

The  crystals  dissolve  without  decomposition  in  aqueous  ammonia^  val 
form  a  brown  solution ;  but  in  water  they  dissolve  but  partially,  wxfk 
ovolutiim  of  nitrogen,  and  separation  of  brown  hydrated  »e«qaioxi^ 
of  cobalt.  When  expof^ed  to  the  air,  they  become  dull  and  rodditli» 
probably  from  loss  of  ammonia  and  abiorption  of  carbonic  acid.— Til 
orown    liquid  obtained  by  supersaturating  nitrate  of  ci^^    '  le  witl 

ammonia,  and  agitating  with  air,  gives  off  nitrogen  gas  xv  1  -d.  aaj 

assumes  a  red  colour,  but  remains  clear.    (According  to  Hct^-  '^ 

may  be  butle<J  without  docamj^froaition.) — When  exposed  to  ih*  '* 

tunis  red  from  loss  of  ammonia  and  absorption  of  carbonic  aoi^i*  »^ 
deposits  hydrated  aeA^nioxide  of  cobalt*    With  jiotMli  al  ordiomiy  t«av^ 
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luree,  it  elowly  evolves  nitrogen,  and  denoaita  brown  lijdrated  sesqui- 

[oxiile.     (According  to   Hess,  it  forms    ft  clingy  gre^^ii  |ireci^utate    with 

fpotash,  not  in  tbe  cold,  but  on  the  application  of  heat,  and  tlie  docoinpo- 

laitioD  takes  place  without  evolulion  of  gas.     According  to   Winkelblech, 

alao,  no  nitrogen  is  evolved   in   this   reactiou.     The  antltor  introdoced 

potasli  into  a  quaBtity  of  tho  brown  liquid  standing  over  mercy ry,  and 

invariably  obtained  an  evolution  of  gas.) — The  liquid,  wlicn  mixed  with 

cold  sulpLuric  or  nitric  acid,  gives  elf  oxygen,  and  assumes  a  pale  red 

eolour.  (Gm.) 

The  sulphate  and  bydrochtorate  of  cobalt-oxide  exbibit  totally  dif- 

I  ferent  reactions  with  ammonia. 

Neutral  tSttlpkate  of  Cubalt -ox i^Ie  forms  witb  ammonia  a  copious  blue 

j precipitate   which   soon  turns  green,  and  if  agitated  with  air  for  some 

mme,  becomes  brown,  but  does  not  dissolve;  the  supernatant  liquid  is  red. 

I»^lf  the  solution  of  the  sulphate  is  previously  supersaturated  with 
Bulpburicai^id,  it  yields  W4tli  ammonia  a  pale  red  mixture^  wbich  becomes 
tmle  brown  on  ngitati(m,  and,  in  the  course  of  24  hours,  deprisit^s  a  few 
DFOwn  transparent  crystalline  tables,  the  liquid  itself  assuming  a  paid 
red  colour. 

Neutral  Ht/drorJtlorate  of  CohaU-o^uie  yields  with  ammonia  a  copious 
bltie  precipitate,  which  soon  turns  green,  and  if  agitated  with  air  assumes 
A  brown  colour,  but  does  not  dissolve  :  the  supernatant  liquid  is  pale  red, 
— If  the  solution  has  been  previously  mixed  w*ith  ml -ammoniac,  tho 
addition  of  ammoniac  produces  a  clear,  pale  red  mixture,  which,  when 

P agitated  with  air  in  a  close  vessel,  soon  becomes  light  brown,  tlien  dark 
brow^n,  and  tbereupon  yields  a  brown  preeipitate,  while  the  liquid  resumoa 
its  red  colour* 

With  Sulphate  of  Cobalt-oxide  and  Poia^ht  ammonia  produces  first 

a  blue,  then  a  green,  and  lastly  a  brown  preeipitate*  and  a  colourless 

J liquid.  (Gm.) 

^^^kA.  Cobaitite  op  Potash. — a.  Protoxide  of  cobalt  dissolves  in  fused 
^^^|bate  of  potasli,  forming  a  clear,  blue  liquid,  which  when  heated  for  a 
somewhat  longer  time,  becomes  brown  and  solid,  while  the  cobalt  sepa- 
rates out  in  the  form  of  sesquioxide.  The  blue  liquid  forms  a  blue  mass 
»on  solidifying.  (Gm.) 
6.  When  a  cobalt-solution  is  dropped  into  strong  boiling  potashdey, 
the  blue  precipitate  first  changes  into  the  red  hydrate,  and  afterwards 
dissolves,  forming  a  blue  solution.  This  solution,  when  diluted  with 
water,  deposits  the  cobalt  in  the  form  of  hydrated  protoxide,  and  if  the 
the  air  has  access  to  it,  in  the  form  of  eesqutoxide  (Proust);  see  also 
Viilker  {Ann,  Pharm.  59,  34). 
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B»  Carbonate  op  Cobalt-oxide  and  PoTASH.^-a.  Cobalt-oxide  dis- 
solves pretty  freely  in  carbonate  of  potash,  when  heated  with  it  befoie  the 
Wowpipe  on  platinum  ;  the  mass  appears  black  when  cold.  (Berzclius.) — 
5.  The  hydrate  and  carbonate  of  cobalt-oxide,  but  not  the  ignited  oxide, 
dissolve  in  stroug  carbonate  of  potash,  forming  a  red  solution,  which  is 
precipitated  by  dilution  with  water,  but  not  by  heat.  (Proust,  Graelin.) 


I 
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and  pbospbiiretted  liydrogcn,  cat  inilaiiinmble  at  ordinary  temperatures; 
and  Icare  a  residQe,  which  is  insoluble  iti  hjdrocliloric  acid,  not  even 
giring  up  its  lime  to  tliat  acid.   (H.  Kose,  Pogg.  12,  295.) 

CfyiialHxed,  H,  Roic 

2C«0  ..„..^... _. 560  ...,  19-73  ,,..     l»-76 

CoO 37-5  „„  13-22  ....     13'47 

3P0 118-2  ....  41-67  .... 

flHO  ., .,„.  72-0  .„.  25-3S  .... 

2(C*0,PO)  +  CoOvPO  +  8Aq,....      2837        .**       10000 

^^^P  Cobalt  axd  Maonesium. 

H  CoBALTiTE  OP  Maonbsia. — flf.  Magnesia  ignited  with  cobalt-nitrate 
HassDTnes  a  pale  rose-colour.  Minerals  containing  magnesia  likewise 
^^  fnthibit  a  rose-colour  when  their  powder  is  iguited  with  cobalt -nit  rate, 
provided  they  do  not  contain  alumina  or  a  heavy  metallic  oxide,  (Ber- 
leliua.)— 5.  When  ammonia  is  added  to  a  mixture  of  neutral  hydro- 
chlorate  of  cohalt'Oxide  and  hydrochlorate  of  magnesia,  a  green  preci- 
pitate is  produced,  which  contains  10  percent,  of  magnesia;  does  not 
tarn  brown  during  washing,  hut  remains  green;  is  iuBolnble  in  pure 
ammonia  and  carbonate  of  ammonia^  but  dissolves  eaaily  in  sal-ammoniac, 
forming  a  dingy  yellow  eolntion,  from  which  it  is  again  precipitated 
by  potash,  and  turns  blackish -grey  on  ignition.  (Berjeliua,  Fogg, 
33,  126.) 

Cobalt  antj  ALFitiKUK. 

Aluminate  of  Cobalt- oxibe,^ — When  alumina,  of  a  body  containing 
alnmina,  or  the  precipitate  obtained  on  adding  an  alkali  to  a  mixture  of 
alumina,  as  free  as  possible  from  iron,  with  a  cobalt-sal t,  is  ignited  with 
cobalt-nitrate,  a  bright  blue  compound  is  produced.  LcUkner^s  Blue^ 
which,  after  ultramarine,  is  the  beat  and  most  permanent  colour  for  oil- 
painting,  and  is  likewise  usod  for  colouring  on  porcelain,  is  of  this  compo- 
sition. Thenants  Bhie^  obtained  by  igniting  liydrate  of  alumina  with 
phosphate  or  arseniatc  of  cobalt-ox  id  e,  likewise  belongs  to  this  head. 
%  According  to  Louyet  {InstiL  1S4?),  206),  a  mixture  of  hydrate  of 
alumina  and  hydra  ted  cobalt-oxido  does  not  assume  a  bluo  colour  till  it  is 
heated  to  the  melting  point  of  glass,  a  red  beat  merely  rendering  it  black 
or  grey;  whereas  a  mixtnre  of  hydrate  of  alumina  with  pho.sphato  or 
arseniate  of  cobalt-oxide^  becomes  blue  when  heated  merely  to  redness.  T 
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A.  SiLiCATR  OF  Cobalt-oxide. — The  aqueous  solution  of  soluble 
glass  produces  with  cobalt-salts  a  beautiful  blue  precipitate,  which 
becomes  very  pale  on  drying,  (Fuclis,  KoAhu  A  rch,  5,  400*)  The  solu- 
tion of  qnadrosihcate  of  soda  gives  no  precipitate  with  cobalt-salts« 
(Walckner.) 

B.  Hydrated  Fluoribe  of  Siltcium  and  CobalTj  or  HroROFLrATB 
OF  Silica  akb  Cobalt-ox iBE.^Obtained  by  disBolying  carbonate  of 


13 

n 


B.  SiJxrHOTimocTATB  OF  Cobalt.— GoS»WS\--Tlie  ai^Qeoiia  i 
af  eolphotiiDgstmte  of  poUsemin  and  a  cobalt-saitt  is  d%rk  brown,  aod  is 
tlie  ooorse  of  24  bottis  jields  a  black  preotpitJiie.  (B«rteliiu.) 


CoBAtT  AlfD   MoLYBDEKUM. 

A*  MoLYBDATB  OF  CoBALT'OXiDK. — Dirty  vellow  precipliatr,  «li^ 
108  red  when  dry,  and  u  decompoeed  by  allcalit  and  by  ihtT  ^ 
(BerseltusO 


COBALT  AND  MANGANESE, 


347 


B.  ScTLPHOMOLYBDATE  OP  CoBALT. — Black-brown  precipitate,  wKicb 
diaaolves  in  the  aqueous  potaflaium'CKjinpounJj  impartiQg  a  biauk  colour  to 
the  l](]^tiid.  (BerzeJiua.) 

C*  Persxtlphomolybdate  of  CoBAtT, — Dark  red-brown  precipitate 
(Berzelins.) 


CoBAJ-T  ANn  Vanadium. 

Vanadtate  op  Cobalt*oxibe. — Moitovanadiate. — Reddish  straw- 
yellow,  insoluble  in  water. — b.  Acid  Vanadiute, — Soluble  in  wat^r,  from 
which  alcohol  precipitates  it  in  the  form  of  a  rusty  yellow  powder, 
(Berzelins.) 


Cobalt  and  Crromiuh. 


P  Chhomatb  op  Cobalt^oxidb. — ^Monocbromate  of  potash  forms,  with 
'  eobalt-salts,  a  light  red- brown  precipitate,  probably  conaiating  of  a  baeio 
ealt,  inasmuch  as  the  liquid  retains  it^  orange-yellow  colour.  (6m.) 


Cobalt  and  MAKflANESE, 


Hjrpermangiinate  of  potash  does  not  precipitate  cobalt-salt«,  (From- 
herz,) 

Peroxide  op  Maxganese  with  Protoxide  op  Cobalt. — Black 
Eat*tltt/  CobalL — Amorphous,  very  friable ;  has  an  earthy  and  piano- 
oonchoidal  fracture,  Sp,  gr.  2*22;  colour  brown-black.  When  heated, 
jt  gives  off  water  and  oxygen  gas,  Bometlmea  also  arsenioos  acid.     Does 

I  Hot  fuse  before  the  blowpipe;  colours  borax  blue  :  with  carbonate  of  soda 
on  platinuuij  it  yields  lutueral  chameleon;  and  on  charcoal  in  Ihe  inner 

(  flame,  a  white,  8lightly  magnetic  mctal»  Dissolves  in  cold,  strong,  hydro- 
ehloric  acid,  forming  a  brown  eolution,  which  turns  blue  when  heated, 
and  becomes  red  nn  cooling:  the  act  of  solution  is  attended  with  copious 
evolution  of  clilorine.  According  to  Rammelsberg  {Pogg.  54,  551),  the 
ore  from  Saalfeld  should  be  regarded  aa  (CuO;  CuO),2MnO^-h4Aq;  the 

?|uantity  of  manganese  is,  however,  much  teo  small  to  agree  with  this 
ormnla. 
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Yellow  Earthp  Cobalt  is  a  dense  or  earthy  mixture  of  the  hydrated 
arseniates  of  lime,  cobalt-oxide,  and  ferric  oxide,  and  often  contalua  a 
Bmall  quantity  of  antimony. 


vCi 


.— ^  Aantae^ff  pKts«reoUliMid8rf 


C^ 


s       ^ 


<     _ 


^        I»2t        ^ 


^       ru 


fc'A 

tt 

^■* 

i> 

S 

Jd^    ... 

5    

-.         » 

— 

s:*     —     u-m     ^ 


t77 


^    1( 


^        ff-M 


fc  n 


JiA  t- 2^914.  w<3L  SjpLgr.  C-5;  kftidertfauanititBL 
CJtuar  £3r-w)f».  TTcT  ^^T^g  a>  jokv-cttt:  povder  grejisli-UacL  Wki 
kM7!^£  ^7  rs^meK  Lx  &  :«ttr&.  s  TieU»  i  sMSma^tt  of  ineni^  and  a  mi- 
mcwcic  cvainvaa^i  woaactf  "^ibv  uamic  Heated  apoB  cbaraodyH 
^viK  cf  A  <^*ffitfiBf  azwnjol  fxw.  aad  &9ef  into  a  wkite,  brittki^  BctaDM 
^^3>.  w^Sc^  afWr  Sfizt^  rv«!««d.  noparts  a  blae  ooloar  to  glan.  (Beh 
aecw^>    Eifg  akac  acpj  >£■»?£▼»  k,  witli  KpaiatioB  of  aiacnioaa  acM. 


C^ 

C^ 
As 

S 


2        -.  54^        ^  3-99 

IX        _        Kii        _  C-9S 


15        —        »:5-t        -.  TtHtt 


c 
3-4S 

M-31 


13U-3        ^      100^0 


r«  -.-    

7 

Co    ...             -. 

# 

M    -  -  . 

1 

Oi    

A»    ...     -- 

U 

Bi. -... 

L 

1$9H> 



11-42 

,,,, 

11-71 

£3«-0 

^ 

14-26 

•»• 

13« 

»5 

^ 

179 

— 

i-rt 
i-» 

200^ 

•mm 

72-53 

MM 

70-37 

_^ 

■M. 

Ml 

8  . 


1654-3 


COBALT  AND  ARSENIC. 


Md 


At.  c. 

Fe     ,  2         ....  54-0         „„  472         „.,  4'J>5 

Co ,  9         ....  265-5         »„         23*20         ....  23*44 

Ai    , n         ....  825-0         .,,.         72-08        ....  e0"46 

S — . .^ ....  0^90 

1144*5         Z       100-00         ~        9B75 

a.  is  crystallized  cobaltiB©,  from  Riecheladorf ;  -^  h,  massive  co- 
— Itine,  from  Sell  nee  berg; — c.  masaive  cobaltine,  from  Tunaber^:  sp.  gr, 
7' 131  [11,  Accortling  tr>  the  preceding  analyses,  the  general  formula 
of  oobaltine  is:  (Co;  Fe;  Ni)As. 

If  A  Tariety  of  cobaltine,  from  Biecbelsdorf,  remarkable  for  the 
large  proportion  of  nickel  which  it  contains,  baa  been  examined  by 
Sartortus  {Ann.  Phann.   66,   27 S)  :   its   composition    in    100   parts   is  ; 

ra7Co-hl4'06Ni  +  l-42Fe  +  73^53Aa=0818.  If 
d,  Teueral  Pyrii^s^  from  Skiittemd. — Coras'. — Cubes  and  octohedrona 
witb  the  faces  of  the  cube,  dodecahedron,  aad  leucitobedron;  sp.  gr.  G'78* 
Tin- white.  When  roasted  in  an  open  glass  tube,  it  yields  a  copioua 
sublimate  of  metallic  arsenic  and  areenious  acid.  (Th.  Scheerer,  /*oyy, 
42,  553^,  Wobler,  43,  5S2.) 

TtM^al  Pifrihi.  Schecrer,  Wohler. 

Cryttaiiiied,  Matnee, 

Fe    ,.  ....  ,.,.  1-51      ....  1*3     ....       1-4 

59  ....  20-77        ,...  20-01      ....  18-5     ....     19-5 

Cil    ,. ....  ..».  trace 

BA«. 225  ....  70*23         ....  77'84      .,..  79  2     ....     7&'0 

[8 ....  ....  0-69      ... 

^^il        Z.       100-00        Z       100-05      ....      990     ....     99"9 

B.  Arsenite  op  Cobalt-oxide,  or  Cobalt-arsenite. — ^The  inner 
portion  of  ColHtllMoom  eometimes,  though  rarely,  consists  of  this  mineral. 

I  (Proust.)  The  araenite  formed  by  mixing  a  dissolved  cobalt-salt  with 
ftrsenite  of  potmsh  has  the  form  of  a  roae-colonred  precipilatej  which 
Iteoomes  dark-coloured  and  horny  wbea  dry.  When  heateil  in  a  glasa 
Teteel  it  gives  off  arscnious  acid  and  colours  the  glas.s  blue;  heated 
potash  resolves  it  into  cobalt-oxide  and  a  blue  liquid,  which  depojiits  the 
oxide  on  the  addition  of  water.  Dit<st>lves  in  nitric  acid,  with  evolution 
of  nitrous  gas;  also  in  hydrochloric  acid^  and  in  ammonia,  in  the  latter  of 
which  it  forms  a  dark  red  eolution.  (Proust.) 

iC.  Arseniate  of  Cobalt-oxide,  or  Codalt-arseniate. — a,  Terl{me, 
•^Occurs  in  the  form  of  CohaH-hloom^  which,  according  to  Kersten,  is 
pitxluced  only  by  the  weathering  of  cobaltine,  not  of  cobalt-glance. 
Long,  needlc-sliaped,  rhombic  prisma.  Sp.  gr.  2-84  to  30;  less  hard  than 
gypsum;  varies  from  translucent  to  transparent;  carmine,  columbine, 
or  peachblossom-coloured ;  yields  a  powder  having  the  same  colour. 
When  cxpo^d  to  the  light,  it  sustaina  a  slight  loss  of  weight,  pro- 
bably from  evolution  of  water,  and  becomes  paler  and  opaque  on  the 
surface.  When  heated  in  a  glass  tube,  it  parts  with  its  water^  but  does 
not  give  off  arsenious  acid  ;  the  last  portions  of  water,  however,  are  only 
driven  off  by  continued  strong  ignition.  The  residue  is  of  a  smalt-blue 
colour,  if  free  from  iron,  but  an  admixture  of  ferrous  arseniate  renders  it 
green  or  brown.  Green  cobalt-bloom  is  anhydrous  arseniate  of  cobalt* 
oxide  contaiuing  iron.  (Kersten,  Po^^^  60,  251.)    Cobalt*bloom,  heated 
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brown,  if  iron  is  present)  residue^  whicli  dissolves  in  nitric  acid ^  but  (unless 
iron  is  present)  williont  evoltition  of  nitric  oxide.  The  solution  contains 
Arsenic  ncid,  cobalt-ox ide,  and  ferric  oxide,  but  no  arsenious  acid.  Hot 
water  extnircts  the  arsenioua  acid  from  this  mineral,  togctlier  with  an/ 
cobak-sulphate  that  may  be  present.  The  residue  formed  wben  the 
arseojous  acid  is  extracted  from  cobalt-coating  by  tlie  water  of  the  mines, 
consists  of  cobalt-bloom,  (Kersten,  Po^^.  CO,  251.) 


Kertten. 

a. 
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a.  is  Cobalt-coatitig,  from  the  Wolfgang-Maassen  mine  at  Scbneeberg; — 
d.  from  the  Rohliog  mine  at  Annaber^; — c,  and  d.  from  the  Daniel  mine 
ftt  Sch  nee  berg. 

A  basic  araeniate  of  cobalt-oitide  is  found  in  commerce  :  1.  Prepared 

I  in  the  humid  way;  Chattx  nivtaUlque.     Carbonate  of  potash  is  added  to  a 

Iftolntion  of  cobalt-glance  in  nitric   acid  or  aqiia-regia,  as  long  as  a  white 

precipitate  of  ferric  arseniate  continues  to  form,  and  the  filtrate  further 

treated  with  carbonate  of  potash,  to  precipitate  the  arseniate  of  cobalt- 

oxide*^ — 2,  Cobalt-glance  is  fused  with  twice  its  weight  of  potaeh;  the 

;  fused  mas3  exhausted  with  water,  which  take^  up  sulphide  of  potassium, 

'  together  with  aracuic,  iron,  and  potassioni;  the  white  regulus  again  fused 

i  with  potash;  the   resulting  blue  slag  used  for  the  preparation  of  emalt 

(p.  346);  and  the  arsenide  of  cobalt,  which  is  thus  obtained   freo  from 

iron,  is  pulveriicd,  and  then  roasted,  first  at  a  gentle  heat,  and  afterwards 

at  an  intense  heat^  till  it  is  converted  into  a  reddish  powder. 

b.  Acid  SaU.-^thQ  solution  of  the  hydrate  or  terbasic  arseniate  of 
\  cobalt-oxide  in  excess  of  araenic  acid,  yields,  by  evaporation  in  vacuo, 
peachblossoin-coloured  needles,  arranged  in  Btellate  masses,  and  nnited  in 
spherules,  resembling  eobult-bloom  but  soluble  in  water.  If  pieces  of 
calcspar  are  Buspended  in  the  solution  by  a  wire,  small  carmine-coloured 
needles^  principally  consisting  of  arseniate  of  lime^  attach  thomselvea  to 
the  calcspar.  (Kersten,  i^D^?^.  60,  *260.) 

D»  StTLPElAJi.^ENiTE  Or  CoBALT. — 2CuS,AsS*,  —  Dark  brown  precipi- 
tate, which  gradually  but  completely  settles  down  from  the  licjuid, 
becomes  black  when  dry,  and  dissolves  in  excess  of  the  sodium  compound. 
By  didtillation  it  yields  orpiment,  and  leaves  a  grey,  metallic,  unfu^ed 
mass,  still  containing  sulphur  and  arsenic,  and  probably  analogous  to 
cobalt-glance.  (Berzelius.) 

E*  ScLPHARSENiATE  OP  CiHiALT. — 2C<>S,  AfiS^ — Dark  brown  pre- 
cipitate, black  after  drying,  soluble  in  excess  of  the  sudium-com pound 
o^ed  aa  a  precipitant,  and  farming  a  dark  brown  solution.   (Berzelius.) 

F.  StJLPHmE  OF  Cobalt  with  Absenide  of  Cobalt, -^Ct^^a^^ 
glance* — Belongs  to  the  regular  system,  Fi^s,  1,  2j  5,  18,  19.    Cleavage 


pirallel  to  tho  cube-faces.  Harder  tli&n  apatite.  Sp,  gr-  O'J  to  ^1 
Keddish  siiver-wliite,  yield io^  &  greyish-black  powder, — ^Not  altered  1 
heating  out  of  contact  of  air;  when  strongly  ignited  in  an  open  tub 
gives  off  arsenious  and  sulpliurous  acid,  and,  according  to  Scb 
leaves  a  dingy  violet  powder*  Wbon  heated  oo  charcoal  befon 
blowpipe  it  emits  a  strong  arsenical  fume,  and,  after  roaattng  for  i 
time,  may  be  fused  to  a  greyish -white,  brittle  nias^  of  arsenide  of  co}m 
After  roasting  it  colour:*  borax  blue.  (Berzelius,)  CoboIUglaooe  beiioj 
to  whiteness  in  a  charcoal  crncible,  i^  fir^t  converted,  with  a  loas  of  ^1 
per  cent,  of  AfiS'  (realgar),  into  Co* As,  2CoS: 

2(CoAs,Co3^)  =:  AiS*  +  Co^AjS*  ; 

afterwards,  by  the  continued  application  of  a  rery  mtenae  beat,  tolpliir 
h  evolved  [in  the  form  of  bisulphide  of  carbon  ]],  and  a  residue  of  Co^it 
left  behind,  which,  however,  generally  retains  5  or  G  per  cent,  of  anlpliit 
100  parts  of  cobalt-glance  ignited  at  a  moderate  heat  with  500  parti  d 
lead  yield:  a.  398  parts  of  lead  (containing  97  per  cent,  of  lend  Utp/iJim 
with  salphnr^  arsenic,  cobalt,  iron,  and  copper);  and  6.  G-i'5  of  aaeaidi^f 
cobalt  (containing  41*46  p.  c.  cobalt,  34*38  arsenic,  l*i4  snfphnr,  sd 
small  quantities  of  iron,  copper,  and  quartz),  (Bcrthier,  Ann,  Ckim,  Hp. 
62,  IIG;  also  /.  pr,  Ch^m,  10,  15.)  Cobalt-glance  disdolvea  in  nitricid^ 
with  erolation  of  heat  and  eeparation  of  arsenioua  acid. 

At.  C?almH*sfldnc€,  Sti^Bo*^. 

Co 2  .,..  50  ....  35-54  ,...  aa  10 

Fe_ .,, 

Aa ^  I  ...*  75  ...  45-18  .^,  43-47 

S 2  ....  32  .„.  19'28  .,,,  200S, 

166        ~      100*00  ~  n^i 

Hubert.        Piterm.     £bbin||uiui.  Schnabch 

'^  » 

«,                  J.                   c,                   d,                     r.  /- 

Co«^..».„.     30*3?     ....     3202     .  .     3207     ,       33*71     .  .     29'T7     ...  •« 

n 5-75     .»      ^i6    ...      342    ....      1-62    *..       G-3«    ..«  Um 

8b ^..                 «..                 *.-                «..                  *..-  1-M 

Ai 44'IS     ....    43-63     »,.     42*^7     „..    4331     ....     44-7&     ^  4SiJ 

S 19*75    ....     1979    ^.     20  25     ....     19*35     ...     1910     ....  II  S« 

QttJM-U  ■ . ^- 1-63    .  , .^ 

*""^  100^00    ....  100-00    ....  100-34     ....    99*99    ....  lUOOO    .^.  lOD^ 

%  o.  MaaaiTe  cobalt-glance  from  Orawitoca  in  Upper  Hungary.—^  f^ 
Abmas  variety  from  the  same  locality.  These  two  varieties  contaia  viiii 
of  gold  and  native  bismuth;  the  bismuth  amounting  to  IS  pv  ctnt  wf 
bt  ramove^l  by  the  saw.— <■,  Cobaltglauce  from  SkUttemd.--^,  fnm  m 
Mif9fm%rhtJkf  tiiine  at  Siegen,  previously  regarded  as  mantTie  SiMih^tL 
*-#.  Cobalt-glanco  iu  microscopic  bat  ^stinct  crystaK  from  tho  PkSUfp' 
Ao/i«Mfi(/  mine  al  ^f^ea.^/.  An  ore  from  the  Oftm  lion  miae  al  SfaM 
fi*ri  \iiommAkA  Fibnmt  £arlky  Co(HilL  (Jakre^kr,  L.  ^  KASitA 

n  .710.^ 

Many  knid«  of  arsenical  pyrites  also  contain  oobalL     A  variety  bm 
HluiMHi  m  Chili,  prvniously  dcDominated  Glaucodcte  by  Breithaiipl.  h^ 
^^^ found  by  Plattner  to  cootaioj  ia  100  parts, 

Y  1,  At.  Co.  Ni.  Fr,  SiO'. 


COBALT  AND  ZINC. 
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The  minenil  lia^  the  re  f ore  the  cumpoisitioix  of  cuh:i  It-glance,  which  it 
further  resembles  in  giving  onlyii  trace  of  arsenic  when  heated  in  a  gla^s 
tuhe  closed  at  one  end.  Its  formnla  it*  (Co,  Fc)A8+^Co,  Fe)S'. 
(Jakretber,  l,^  K,  )84a,  729.)  H 


I 


Cobalt  and  Antimony. 


A.  AxTiMONiDE  OF  ConALT. — 1  part  of  cobalt-powder  and  2  parta  of 
pulverized  aniimony  heated  togetherj  unite  with  incandescence,  and  fonxi 
an  agi^regatod  iron-grey  masd^  which  acquires  metallic  lustre  by  pressure. 
'GehleDj 


i 


B.  Antimonite    of    CoBALT-oxiOE. —  In    the   hydrated   etate,    this 

compound    forms   a   pale   violet,  bulky,  non-crystalline  powder;    when 

ignited,  it  gives  oft"  water  and  becomes  hlackisb-j^reen;  at  a  higher  tem- 

pemtirre,  it  emits  a  glimmerint^''  light  and   afterwanln    Eippears  white. 

^lightly  soluble  in  water.  (Berzelius,) 

B    C,    AxTiMONiATE     OP     CoBALT-oxiDE,  —  Fomiod    hy    mixiug    an 

Hfueoua  cobalt-salt  with  aqneou-s  antimoniute  of  potash  at  a  boiling  beat, 

Crystalline  powder,  exhibiting  a   line  rose-colour,  becoming   violet-blue 

when   heated,  and  blackish-grey  when  the  water  ifl  completely  removed. 

Glows   vividly  when    ignited   and    appearja    reddish- white    when    cold. 

Slightly  soluble  in  water. 

y  D.  SuLPiiANTiMONiATE  OP  CoBAiT. — 3  CoS,  SbS^ — By  precipitating 
a  cobalt-salt,  which  should  he  in  excess,  with  Schlippc's  {*alt,  a  black 
precipitate  is  obtained,  wbicli  gradually  oxidixe-^  in  the  air  and  is  decom- 
posed hy  heated  hydrochloric  acid.  (Rammelsbcrg,  Fog*j.  52,  236.) 


Con  ALT  AND  Tellurium. 

A.  TELLtiRiTE  OF  CoD ALT-OXIDE. — Dark  pufplc  precipitate.    (Ber- 
ius.) 

B.  Tellurate    op    Cobalt-oxide.  —  Bulky,    bluish-purple    flakes. 
(BerzeliuSp) 

IC.  SuLPHOTELLURixn  OF  CoBALT. — Bluck  precipit^itc,  (Berzeliu^.) 
Cobalt  and  2inc, 
A.  Alloy  of  Zinc  and  Cobalt.— 1  part  of  cobalt  powder  and  2 
ta  of  xiuc,  heated  together,  emit  a  red  light,  anil  yield  a  grey,  spongy 
compound,  which  act^uires  the  mettdlic  lustre  by  pressure,  (Gehlen.) 

H     B.  CoBALT-oxtDE  WITH  Zi>x-oxiDK, — RmttumU  Green. — Formed  hy 

precipitating  a  mixture  of  zinc-sulphate  and  cobalt-sulphate  with  carbonate 

of  soda,  and  igniting  the  precipitate  after  thoroughly  wa^^hing  it.— 2,  By 

evaporating  a  solulifm  of  cobalt-nitrate    to  dryness  with  zinc-oxide    or 

Eiac-Ditrate,  and  igniting  the  residue* — Pennaneut green  colour. 

roL.  V.  %  k 
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iZ'wtory.-^Crotiatetlt  ill  1751  discovered  nickel  as  a  |>eculiar  metal  in 
ike  mineral  called  Copper-Jikkel  {Kapfernickd),  Its  chemical  relatiuna 
have  been  cliiefly  inveatigated  by  "^Bergmaii,  Hicbter,  Proust,  and 
Tuppoti. 

iSWrcff.— As  arseniate  of  nickel-oxide,  in  Nickel-eebre;  as  sulpbide 
ef  Dickel,  in  Capillary  Pyrites;  a^  si ulpli arsenide  of  nickel,  in  Nicktl- 
glance;  as  s^iilphantlmonide,  in  Antimoniai  Nickel;  aa  eulpbide  of  biiiniutb 
Md  nickel,  in  Nirkol-bisniuth-ghmee;  a^  eulpbi^je  of  nickel  and  iron,  in 
Nickeliferoiis  Iron  Pyrites;  a«  arsenide  of  nickel,  in  Placodine,  Copper- 
nickel  antl  Arseijieal  Nickel;  with  antimony,  as  antinionide  of  nickel; 
with  iron,  in  meteoric  iron.  In  small  qnantity,  in  Needle  ore;  in  many 
Jpecimens  of  Magnetic  Pyrites  and  Tin- white  Cobalt;  in  Cupreous  Man- 
ganese; as  green  colouring  principle  in  ^ceii  Cliiysopraae  earth,  iu 
Chry^sopnuse,  and  iis  a  mere  trace  iu  many  kinda  of  Olivine. 


^K  Cobalt'Spei^s  is  a  deposit  formed  in  the  pot«  iu  which  roasted  tin-white 

^B  cobalt  mixed  with  coppcr-nickel  is  fused  with  carbonate  of  potash  and 

B  potindecl  quartz,  for  the  preparation  of  smalt  in  the  blue-colour  works;  it 

^  eollects  below  the  blue  glass  in  tlie  form  of  a  metallic  alloy,  the  nickel 

nat  oxidizing  eo  ea^sily  in  roasting  aa  the  cobalt*     It  contains,  besides 

nickel,  principally  iron,  cobalt,  mau^nese,  bismuth,  antimony,  arsenic, 

and  sulphur.     The  following  are  some   analyses   of  cobalt-speiss;  a.  of 

unknown   origin;    h,    from  the   Bohemian    Har2   (/,  pr,  C'ketn.   0,   12); 

from   Henninger's  German -t^ilver  works;    tliis  sample  had  been  pre- 

BobIj  purifietl;  its  structure  was  coarsely  laminar,  {Pog*j,  50,  olO.) 


0.  BertUer. 
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Tlia  copper-nickel  or  the  cobalt-speiss  is  generally  roasted  in  a  state  of 
.owder  (at  a  gentle  heat  at  firtit,  to  prevent  it  frooi   baking  together), 
fliereby  Uie  greater  part  of  the  arsenic  is  removed^  the  nickel  oxidated, 
i.aaving  of  nitric  acid  thus  effected,     Since,  howe\erj  the  roasting 

JaWvea  ft  portion  of  the  arsenic  combined  in  the  form  of  arsenic 

Facid  with  the  oxide  of  nickel,  the  roaisted  ore  must  be  several    times 

intimately  mixed  with  charcoal  dust  and  again  roaste^l,  n^  long  as  vapours 

\  of  arsenic  continue  to  be  evolved.     Erdmann  moistens  the  roasted  cobaltr 

ipeiss  w  ith  water  and  places  it  in  a  cellar  till  it  is  converted  into  hydrate; 

[it  i»  thereby  rendered  more  easily  soluble. 

i  1.  Langier  dissrdves  the  roasted  copper-nickel  or  the  sfieiss  in  nitric 
lacid,  pa«se4i  sulphuretted  hydrogen  tbroui^'li  the  dilute  acid  solulion  till  all 
)  aisente,  copper,  bisranthr  and  antimony  are  precipitated — then  tilt^tft 

1  K% 


I 


^^ 


ymk  Ae  pinef|iiUto  nrW 

f  ttdiiillcifi  of  etitesif  «f 

iW  ImI  Meqittalm  mttH  k  Biiditf 
*  tlie  M^i^mi'  will  not  W  ivtmed  m  Mlulioiu 
i  iiMlrw  Ike  poodod  q«»  ia  Si  |)tt1s  iiT  nitne  iicid  wi  M 
f^vml  ^Mtitf^ir  wmter,  wlnnttpoa  Ike  8«ilphKr  WMnUi^s  onl;  ermmam 
llie  Mltttton  till  UhegT««ler  put  of  Ike  atsenkMia  «eki  b  firmptUiedj  Him; 
and  nuxee  it  while  jet  wmnn  wilk  cartioiiste  of  sMa  or  pota«k,  iliinif 
1  ibe  wliile,  till  the  pmripitate — whicli  i«  at  firs^  sb-wUit^  em- 

of  ferric  ancuiate,  and  afterwim]^  roec'*  ,  ctiftdilliv  d 

niate,  togiethcr  with  ffmall  <juautitu?s  cif  cuprio  an  ' 
B ^begins  to  turn  green.     The  Bulutioti  ia  tl^eo  filti*!^^ 
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with  a  amall  quantity  of  acid  and  a  very  lar^e  quantity  of  water,  and  tlie 
arsenic  prectpitated  by  sulpliurettefl  hydrogen,  the  passage  of  the  ^as 
being  continued  till  the  liquid  gatarated  with  it  retains  its  odour  after 
being-  kept  in  a  stoppered  vessel  for  24  hours;  it  i^  then  attain  filtered, 
boiled,  and  the  nickel  precipitated  in  the  form  of  cariionate  by  mcaDisi 
of  a  carbouuted  alkali.  According  in  Laugier,  the  nickeUarsenJato  goes 
down  together  with  the  cohali-ar«cniato,  and  tlje  nickel  precipitate 
obtained  at  the  end  of  the  process  is  still  mixed  with  cobalt  and  iron. 
The  solution  of  the  spoisi^  in  nitric  acid  may  likewi.'ie  he  diluted  with 
water,  precipitated  l»y  t^ulpliurctted  hydrogen,  and  boiled — tlio  filtrate 
jTafter  further  boiling  to  bring  the  iron  to  a  higher  state  of  oxidation] 
mixed  with  a  quantity  of  potash  suttieient  to  precipitate  a  small  portion  of 
ibe  nicke!,  together  with  the  whole  of  the  irnu,  so  that  the  precipitate 
appears  brown  after  boiling  for  some  time,  but  hits  green  Hakes  mixed 
with  it;— then  hcuted  with  such  a  quantity  of  pot»i^h  that  the  licjuid 
merely  retains  a  pale  green  colour — and  a/terwarils  boiled  for  half-aii- 
bour,  ^Siuce  cobalt  oxide  hxs  a  strougcT  affinity  for  nifne  acid  thati 
alekel-oxide,  the  former  is  wholly  taken  up  by  the  liquid,  and  the  nickel- 
ctxide  is  completely  or  almost  completely  precipitated.  {Anthon,  R<pcrt, 
5B,  44.)  This  method  ia  uncertain;  if  too  much  potaj=h  is  added,  or  if 
too  mach  cobalt  m  presentj  the  cobalt  is  not  completely  dissolved  on 
boiling;  be^^ides  it  becomes  more  liighly  oxidized  on  exposure  to  the  air, 
and  then  no  longer  exerts  a  precipitating  action  on  the  oxide  of  nickel 
l^icb  remains  in  fiolntion,  (Berzelius,  Jahresber,  18>  152  ) 
B  4.  The  roasted  ypeiss  \s  mixed  with  a  quantity  of  nitric  acid  not 
Hjfficient  to  diaaolve  it — the  liquid  diluted  with  water,  after  the  action 
^b  gone  on  for  a  sufficient  length  of  time,  either  in  the  cold  or  with  the 
■M  of  heat — then  decanted  from  the  precipitated  basic  bifimuth-salt,  and 
heated  to  the  boiling  point  {on  the  large  scale,  it  is  boiled  in  a  copper 
Yessel).  Milk  of  lime  in  then  adilod  in  small  portions,  till  a  filtered 
fiatnple  exhibits,  no  longer  a  pnle  green,  but  a  blnii^h'green  colour,  and 
gives  with  potash  a  precipitate,  which,  when  heated  on  charcoal  before 
the  blowpipe,  yields  an  infusible  mtisa  of  spongy  nickel.  Ad  long  as  the 
reduced  nickel  continues  fusible,  arsenic  i^  present,  and  farther  addition 
of  lime  is  necessary;  it  Is  best  to  add  the  lime  in  slight  excess,  in  order 
to  insure  the  complete  separation  of  the  arsenic, — The  liquid  is  thea 
filtered,  and  the  nickel  precipitated  hy  milk  of  lime  free  from  iron* 
(Erdmann.) 

5.  Proust  heats  roasted  copper-nickel  %vith  dilate  sulphuric  acid,  and 
adda  carbonate  of  potasli  to  the  filtered  solution,  to  precipitate  arseniato 
of  ferric  oxide,  till  iron  can  no  longer  be  detected  in  the  Hquid  by  ferro- 
cyauide  of  potassiunu  The  liqui<l  is  then  filtered  again,  and  sulphuretted 
hydrogen  pa.«sed  through  it,  to  precipitate  arsenic,  copper,  and  bismuth, 
tul  it  is  so  far  .-saturated  as  to  retain  tlie  odour  of  the  gas  after  being  kept 
for  24  hours  in  a  closed  vesseL  The  liqnitlj  once  more  filtered  and  then 
evaporated,  yields  crystals  chieBy  consisting  of  sulphate  of  nickel-oxide 
and  potash,  while  the  cobalt-salt,  for  the  most  part,  remains  in  solution; 
the  former  is  repeatedly  dissolved  and  recrystallized  to  free  it  from 
adhering  cobalt-salt,  and  its  solution  afterwards  treated  with  carbonate  of 
potash,  which  precipitates  the  nickel  in  the  form  of  carbonate. ^ — Thomsoa 
(Ann.  Phil.  14,  144)  digests  pounded  speit^  with  dilute  sulphuric  acid, 
frequently  adding  nitric  acid  as  long  as  the  latter  exhibits  any  action; 
be  then  decants  the  green  solution  from  the  arsenious  acid,  then  eva- 
urates  and  cools  it,  whereupon   nearly  pure   nickel -sulphate  separates 
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ont.  The  motheT-liquid,  no  longer  capable  of  yieldiD^  crjstalif  b  free4 
from  arsenious  acid  by  siilplni retted  hydrogen,  and  when  snboaqticollj 
evaporated,  again  deposits  crystals  of  nickel-sulplmte.  Th©  whole  of  iii« 
crystals  are  then  purified  by  repeated  solution  and  orystaLUsationp  and 
the  salt  afterwards  decomposetl  by  carbonate  of  potash* 

6,  The  roasted  Bpeiss  is  made  up  into  a  pa^ste  with  oil  of  vitriol,  tnd 
exposed  to  a  heat,  gentle  at  tir^^t,  bnt  gradually  rising  to  redtieAs,  in 
[to  decompose  the  remaining  gulphates,  Thema^^wliile  atill  hot,  is 
Exhausted  with  water;  sulphate  of  pota.<;h  (the  residue  of  the  nitric 
manufacture)  is  dissolved  in  the  heated  filtratej  the  liquid  ov^aporated  mA 
cooled  till  it  yields  crystals  of  nickel-oxide  and  potash ;  the  cryslaii 
gently  ignited  to  render  the  adhering  ferric  arson i ate  insoluble,  and  al^ 
wards  dissolved  in  water;  an<l  carbonate  of  nickel-oxide  prmpli 
from  the  filtrate  by  the  addition  of  carbunato  of  potash.  Thi-<  pi 
yields  perfectly  pore  nickel,  but  the  eulphurio  acid  doea  not  extmct 
wliole  of  the  nickel  from  the  speissj  moreover,  the  erystallieaiii 
tedious. 

7»  One  part  of  carefully  roasted  speiss  ie  mixed  with  1  pt*  of  poottM 
fluorspar,  and  from  3  to  3|  pts*  of  oil  of  vitriol,  and  heated  in  a  Imim 
vessel  to  a  temperature  above  100',  the  mixture  being  constantly  «tofd^ 
and  the  heat  continued  till  it  h  dry;  care  must  be  taken  not  to  iabaloaitjr 
vapour  of  fluoride  of  arsenic.  It  is  then  taken  ont,  broken  op,  and  hnnil 
at  a  moderate  heat  in  a  reverberatory  furnace ;  the  product  exliausled 
with  boiling  water;  the  li<|uid  filtered  from  the  gypsum;  and  the  fero« 
oxide  contained  in  it  precipitated  in  the  ordinary  way.  The  filtrate  »tilJ 
gives  a  yellow  precipitate  with  sulphuretted  hydrogen,  but  the  precipi- 
tate docs  not  contain  arsenic.  (Liebig,  Por/t^*  18,  166.)  Further  purifiea' 
tion  from  lime  and  cobalt  is  required.  According  to  DuAcm,  a  platinitta 
dish  mu^it  be  used  instead  of  the  leaden  vessel,  if  it  be  retjuired  to  driro 
ofl*all  the  arson iCy  because  the  lead  reduces  part  of  the  aneiuc  to  llio 
metallic  state. 

8.  Roasted  gpei^s  U  dissolved  in  strong  hydrochloric  acM  *  '  i>4 
filtered  and  evaporated  to  dryness,  and  the  residue  heated  lu  \* 

ness,  and  afterwards  exhausted  with  water.  Arseniate  of  ferrio  oxnk  a 
then  left  uudissolved,  accompanied  by  the  arsenintes  of  nickel-  %nd 
cobalt-oxide,  if  the  <]uantity  of  ferric  oxide  added  is  not  •  ui  like 

np  the  whole  of  the  arsenic  acid.     The  solution    couta  <rid«  rf 

nickei  which,  however,  requires  further  purification*  (Berzolius.) 

J).  Roasted  spei.*?s  Is  digested  in  hydrochloric  acid,  which  \etktm 
nothing  undia^olved  but  3  or  4  per  cent,  of  sulphur,  and  a  few  gramtln 
which  have  retained  the  metallic  state;  the  liquid  is  diluted  with  inrtPf, 
and  separated  by  filtration  from  the  precipitated  oxyciiloride  of  btsmotti: 
the  fiJtmte  heated  to  tlie  boiling  point;  nqueou*?  sesijuichlonde  of  ir«» 
added  to  it,  and  then  milk  of  lime  in  small  portions — the  boiliog  bejii| 
still  continued,  till  a  sample  taken  out  of  it  exhibits  th«  cJutfMiA* 
described  in  (4);  and  the  nickel  precipitated  from  the  fiUmto  bjr  nift  if 
limo  free  from  irnn.  In  applying  this  method  also»  it  is  hotter  to  nit  loa 
much  chloride  of  iron  and  milk  of  lime^  than  too  little;  it  is  prmfimUt  Ia 
the  4 til  and  M\  methods^  and  may  be  used  in  the  prepumtioo  iMi  ^ 
Urge  scale.  (Erdmann.) 

1 0.  Unroasted  cobalt-speiss  is  treated  as  d©sccribed  in  the  prtpMtlJM 
of  cobalt  (p.  318^  6);  the  resulting  sulphide  of  nickel  (which  appeutfri^ 
from  arsenic  after  being  ence  fused  with  sulphur  and  onrbonate  «f  poli^^t 
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and  tlien  waslied  out  with  water)  diesolved  in  uitric  or  iiitroiu]|>liuric 
»cid;  nnd  sabjocted  to  further  treatment-  (Wohler,  Pogg,  0,  227») 
I  11,  One  iiundrod  parts  of  pounded  epoiss  are  fused  with  40  parts  of 
nitre.  The  mixture  becomes  red  hot,  swells  up  a  little,  and  fuses  eom- 
plettfly  at  a  stronger  heat,  yielding  (1)  an  upper  layer  of  slag,  which  ia 
orowu,  translucent,  crystalline,  and  consists  of  bulfihate  of  potash,  with  a 
fimall  quantity  of  cobalt;  (2)  a  compact,  greyish-black,  lower  atratum  of 
alJig,  containing  small  quantities  of  coball  and  iron :  and  (3)  a  regulua 
amounting  to  84  parts,  and  consisting  ehietly  of  nickel  and  arsenic. 
^TUis,  when  pulverized  and  again  ignited  with  33^6  parts  of  nitre, 
yields  0)  ^  partly  blue,  partly  greyish-black  slag,  containing  iron,  cobalti 
and  a  Amall  quantity  of  nickel;  and  (2)  a  regulus  amountiugto  588  parts, 
partly  diviJed  into  granules. — Thi^,  when  again  fased  with  23  5  parts  of 
aitrOj  yielde  a  greyish-green  alag,  rich  iii  nickel,  but  poor  in  coha.lt,  and 
a  regulns  amoutiling  to  35  3  parts,  and  consisting  wholly  of  nickel  and 
^arsenic.  In  tlio  third  fusion,  a  somewhat  smaller  quantity  of  nitre  may 
ba  used,  in  order  to  avoid  the  loss  of  nickeh^To  obtain  pure  nickel 
from  the  ar&enitle  thus  proiluceilj  three  methods  may  be  adopted:  {«.)  Th© 
pounded  regulu«  \n  roasted  as  long  as  araenic  continues  to  be  evolved; 
the  resi<luc,  tdgcther  with  ^isth  of  iron,  is  dissolved  in  aqua-regia;  tba 
flolution  evaporated  to  Jrynesa  at  a  gentle  heat;  the  residue  dissolved  in 
water,  which  leaves  the  greater  part  of  tho  ferric  arseniate  undissolved) 
.|he  remainder  of  the  ferric  arseniate  precipitated  from  the  filtrate  by 
'cautious  adilition  of  carbonate  of  ammonia;  the  liquid  filtered  from  thia 
precipitate,  treated  with  sulphuretted  hydrogen  to  precipitate  any  copper 
or  lead  that  may  be  present;  the  solution  again  filtered  and  evaporated 
to  dryDCSvs;  and  pure  protoxide  of  nickel  obtained  from  the  residue  by 
ignition. — (6.)  1  jiart  of  jioundcd  arsenide  of  nickel  is  fused  with  1^  pts. 
nitre  and  2  pts*  carbonate  of  pot'wh  (or  with  S  or  10  parts  of  litharge,  or 
with  a  mnch  emaller  quantity  of  lead-nitrate);  the  fused  mass  washed 
with  water;  tho  re^jidue,  together  with  a  small  quantity  of  iron,  tliasolved 
in  nitric  acid;  the  solution  treated  as  in  a;  and  finally  the  nickel  pre- 
cipitated by  carbonate  of  soda. — (c.)  1  pt.  of  areenide  of  nickel  is  fused 
at  a  white  heat  with  1^  pt.  dry  carbonate  of  soda,  1  pt.  sulphur,  and 
y\j  charcoal;  the  sulphide  of  nickel,  which  unites  into  a  cake,  senaratcd 
from  the  slag,  and  again  fused  in  the  same  manner  with  \  pt.  carbonate 
of  soda,  1  sulphur,  and  -^^^j  charcoal;  the  cake  separated  from  the  slag, 
repeatedly  exhausted  with  water,  which  still  takes  up  a  large  quantity  of 
sulpharseniate  of  sodium,  and  leaves  the  nickel-sulphide  in  the  form  of 
metallic  spangles;  and  finally  acted  upon  by  dilute  sulphuric  acid,  which 
does  not  attack  tho  sulphide  of  nickeL  The  sulphide  of  nickel  thus  puri- 
fied, is  dissolved  in  aqua-regia;  the  liquid  evaporated  to  dryness;  the 
residue  digested  in  water;  any  copper  and  lead  that  may  be  present, 
precipitated  bysulpihuretted  hydrogen;  the  liquid  iiltered  and  evaporated; 
and  pure  nickel-oxide  obtained  from  the  residue  by  ignition,  (Berthior.) 

12,  One  jKirt  of  unroasted  speiss  in  the  state  of  fine  powder  is  mixed 
with  2  pts.  litharge,  and  rapidly  heated  in  the  wind-furnace  till  it  fuses. 
The  sulphur  burns;  the  more  oxidable  metals  are  converted  into  slag;  and 
the  less  oxidable  niekel  settles  at  the  bottom,  in  combination  with  arsenic. 
If  it  still  contains  cobsilt,  the  latter  ia  removed  by  pounding  tho  regulus 
very  finely,  sifting  it  through  fine  silk,  and  again  fusing  it  with  1  or  2  pts. 
of  litharge.  100  parts  of  speiss  thus  treated  yield  from  50  to  GO  parts  of 
pure  areenido  of  nickel,  which  may  he  treated  as  in  (10).  The  cobalt  and 
nickel  contained  in  tho  lead -slag  produced  in  this  process  may  likewise  be 
sepaiated  out,  (Berthier,  Ann,  Ch%m»  Fhys.  33,  49.) 
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Reduction. — 1.  Pure  protoxide  of  nickel,  or  its  carbonate,  is  intro- 
duced into  a  covered  charcoal   crucible — citber  alone  or  made  up  into  a 
^  ©tiff  pa,ste  with  oil,  and,  according^  to   Bertliier   and  Erdmann,   under  a 
Klajer  of  gla^s^ — and  exfiosed  to  the  beat  of  a  bla^t-funiace,     Tbe  nickel 
^thtis  reduced   takes  up  a  small  fjnantity  of  carbon,  and  likewise  forms 
roorc  or  less  nickel-graphitCp     If  the  fire  be  kept  as  low  aa  pos:&ible,   tba 
reduction  gradually  extends  from  without  inwards,   and  a  grey,  porous 
nickel  is  formed,  containing  but  little  carbon.     Wheu  large  quantitjea  are 
to  be  reduced^  a  mixture  of  100  parts   nickel-oxide  and  8  or  10  charcoal 
powder  is  cloticly  pressed  into  an  uuluted  earthen  crueible,  and  very  strongly 
Ignited,  (Bertliier.) ^-2.  The  aaine  mixture  is  heated  alone  in  tbe  pottery- 
furnace.  (Richter.)     In  thia  case,  carbonic  oxide  is  the  reducing  agent. 
^K — 3.  Or   it    is   exposed   to    the   tlame    of    the    oxyhydrogen    blowpipe. 
^K^4.   Hydrogen  gas  is  pas-^ed  over  tbo    ignited  oxide.     In  this  case  the 
metal  remains   pulverulent.— 5.  Oxalate  of  nickel -oxide,   or  oxalate  of 
nickel-oxide  and  ammonia,  is  heated  to  redneis.s  under  a  stratum  of  pounded 
gl&sauot  containing  any  heavy  tnetal.  (Dobereiner^  Berzelius.) 


» 
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Pt'op6r(i€s.  —  Fu^ed   nickel  reduce^l   by   (1)  has  a  density   of  8*38 
(Topputi),  the  density  of   that  obtained  by  (2)   ia  8^279  according   to 
Jlichter,  and  8' 402  according  to  Tourto  (N.  GthL  7,  442)  ;  of  that  pre- 
pared by  (5),  the  density  is  8-637  (Brunner,  Kmln,  ArcL   14^   177); 
while  that  reduced   by  (1)  has  a  density  of  0  0,  according  to  Vauquelin 
and  Hauy.     Hammered   nickel  reduced  by  (1)  has  a  density  of  8*82 
(Tupputi),  and  the  density  of  that  obtained  by  (2)  is  H'6<30  according  to 
Bichter,  and  8 '032  according  to  Tourto. — Nickel  reduced  by  (2)  is  hard 
and  susceptible  of  a  high  polish,  perfectly  ductile,  and  may  be  liammered, 
eitber  cold  or  hot,  into  plates  jj^  ^^  '^^^  ^^^^  ^'*  thickness,  and  drawn  out 
into  wires  Vtt  ^^  ^^  ^"*^Ji  i^^  diameter.    (Richter.)     It  wears  a  file  very 
rapidly.     Wlien  bent,  it  becomes  hot  and  exhibits  an  indented  fracture 
(Tourte  )      Its  malleability  is  diminished    by  ailmixture  of  carbon   or 
manganese.      Nickel    obtained   by   (1)    is  often    less  ductile    than  zinc 
(Tupputi);  it  is  brittle  in  the  cold,  .somewhat  extensible  at  a  red  heat : 
that  obtained  by  (5)  yields  to  the   ham  me  r  at  first,  but  afterwards  flies 
a^sunder,  into  pieces  exhibiting  a  strongly  lu.*tron}*,  coarse-grained  frac- 
ture (Brunner);  it  is  brittle.  (Geitner,  *Sc:/m^  48,  147.) — ^The  colour  of 
nickel  is   silver-white,  inclining  to  steel-grey ;  it  has   a   strong  lustre. 
According  to  Richter,  nickel  may  be  welded ;  but  according  t*>  Tourte, 
it  wolds  but  imperfectly.     Nickel  obtained  by  (2)  is  at  least  as  ditficuU 
effusion  as  manganese.  (Iiicktur.)     That  obtained  by  (1)  [probably  from 
admixture  of  carbon]   fu.ses  more  readily  than  manganese  (Tupputi);  as 
easily  as  ca^il-iron  (Erdmann).     That  obtained  by  (1)  contracts  strongly 
in  solidifying,  so  that  the  solid  mass  exhibits  a  depression  on  its  upper 
surface.  {Gui.) — It  is  attracted  by  the  magnet,  and  maybe  rendered  mag- 
netic by  the  same  means  as  iron.     Acc^jrding  to  Tupputi,  its  magnetic 
power  is  some  what  less  than  that  of  iron;  according  to   Lampadius,  the 
magnetic  power  of  nickel  is  to  that  of  iron  as  35  ;  55;  according  to  Wol- 
laeton,  as  2—3  :  8 — d.     Its  magnetic  power  is  destroyed  by  repeated 
ignition.  (Tourte.) 
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Compounds  ^  Nickeh 
Nickel  and  Oxygen. 

A,  NiCKEL-OXIDB.      NiO, 
Protoxide  qfTftchl,  NkMoxifdtd;  formerly  Kickehxyd, 

Formatloru — 1.  Nickel  docs  not  oxidate  iu  the  air  at  ordmnTj  tern* 
peratures,  even  tbough  tlio  air  be  damp  (Richter) ;  at  a  higher  tempeiu- 
lure,  it  tamiahes  on  tho  surface,  and  exhibits  different  colours,  like  fled 
(Tourte),  and  at  a  red  heat  becomog  covered  with  a  greenish -grey  oxide, 
when  kept  at  a  red  heat  for  a  considerable  time,  it  is  almost  wholly  C4>n- 
verted  into  a  browTi,  brittle  mass,  which  18  either  a  mixture  of  the'  prot- 
oxide with  metallic  nickel — inasmuch  as  it  is  attracted  by  the  mn^ntt — 
or  a  suboxide.  {TupputL)  Nickel  reduced  by  hydrogen  at  a  gentle  heat 
takes  fire  when  exposed  to  the  air  after  cooling.  (Magnus.)  On  a  glowing 
coal  fed  with  oxygen  gas,  nickel  burns  with  emission  of  vivid  sparks 
(Tourte)i  and  a  nickel  wire  introduced  into  oxygon  ^^s^a  with  a  piece  of 
red-hot  charcoal  at  the  end,  burns  for  a  short  time  with  emisaion  of 
sparks*  (Berzelius.)— 2,  Nickel  does  not  decompose  water  at  ordinary 
temperatures.  (Tuppufi.)  At  a  red  heat^  tt  deeomposea  aqueou$  rap<^>iir 
very  slowly,  becoming  covered  with  finely  crystallized  oxide  of  a  light 
olive-green  colour,  (Regnanlt,  Ann,  Chlm.  Phys.  62,  352.)  It  dissoWoi 
yevy  slowly,  and  with  evolution  of  hydrogen,  in  dilute  phosphoric,  m\* 
phuric,  or  hydrochloric  acid,  hydrogen  being  evolved  and  a  salt  of  lie 
protoxide  formed*  (Tupputi.) — 3.  Nitric  acid  oxidizes  nickel  very  easily, 
with  evolution  of  nitric  oxide  gas  ;  heated  oil  of  vitriol  (acconling  td 
Tupputi)  oxidizes  it  with  great  ditBculty,  sulphurous  acid  being  evolved. 
The  oxide  of  nickel  formed  in  these  ca^^es  unitCdi  with  the  acid, — I.  Hrtl- 
hot  nickel  is  oxidized  by  nitrCr 

Prepamtiofi, — By  igniting  the  hydrated  oxide  or  the  carbonate  lu  » 
close  vessel.  The  protoxide  of  nickel  thus  obtained  is  mixed  w^iih  per- 
oxide, from  which  it  may  bo  freed  by  heating  it  to  100''  in  atlttftn  rf 
hydrogen.   (Erdinann.) 

Pf^perties. — Small  crystals  of  a  light  olive-green  colour  (Regnault, 
vid*  sup.);  green -greyish  yellow  powder  (Erdmannk  when  fomie< 
white    heat,    it    is  an    olive-green  powder    (Berthier)*      Blackigh 
(Tupputi.)     Not  magnetic.     Specific  gravity  of  the  cryetallijted 
6 '6 05,  (Genth.) 

Klaproth*  Richf<*r.  Tb 

m..„ ..„.  29-5  7«*67      ....      r;      ...      77^2  fj 

0»..,« 8*0        ,  .         21*33        ....         23         ....        22'1»        .  Z 

Nio 37*5     Z.    10000     Z    io5     Z    tU'Oo      Z    iS 

Rothoflr.  Tupputi.  ProuAt.  Lvnlfiiti 

Ni .„,      78'555         ....         787        ....         80        ..«        83'3a 

0 21*415        ..         21-3         ....         20        ..„         16'6e 

100-000      Z.     100  0      Z     100      Z     iooo<P 

DfconiposUiom, — Reduced  to  tlie  metallic  state  hy  ignition  witk  Au-i 
coal,  carWnic  oxide  gn«,  or  hydrogen  gas,  or  with  potae^ium  or  eodinnx  (^\ 


a  teniperattire  Bomcwfiat  below  the  melting  points  of  tbese  metala^  and  witli 
vivid  incundesceuce);  wlieu  heated  with  sulpbiir,  it  is  converted  into  enl- 
phido.  Protoxide  of  nickel  is  reduced  to  tUe  metallic  ^tate  by  hydrogen, 
at  the  ftame  temperature  aa  that  at  which  it  oxidizes  iti  an  atmosphere  of 
aqueous  vapour*  (Dcspretz.)  A  mixture  of  equal  volumes  of  earboido 
oxide  ami  carbonic  aeid  ga^ea  reduces  the  oxide  of  nickel  to  the  metallic 
fitate,  and  has  no  action  on  the  metal  it^^clf  (Laurent,)  llichter  found  that 
oxide  of  nickel  Is  reduced  to  the  metallic  Mate  in  the  pottery  furnace,  and 
therefore  included  nickel  among  the  noble  metala.  But  the  suggestion 
^  throwti  out  by  Gmelin,  that  the  reduction  ia  due  to  the  carboDic  oxide 
I  gas  diffuse*!  through  the  funmce,  baa  been  confirmed  by  Lielng  &  Wijhler 
{P0^ff,  21,  584),  and  by  Laurent  {Aim.  C/iim.  Phyi  G.i,  425).  Wlieu 
lieated  on  charcoal  in  the  inner  blowpipe- flame  with  a  large  ijuantity  of 
cai'bonate  of  soda,  the  oxide  id  reduced  and  sinks  into  the  charcoal  ;  and 
on  remcjviug  the  ehurccial  by  trituration  and  lovigatioUj  the  reduced  metal 
]£  obtained  in  eilvcr-white,  magnetic  parlielea;  if  ouly  a  small  tjuantity  of 
■  carbonate  of  soda  h  used,  the  reduced  nickel  remains  on  the  surface  of 
the  charcoalj  and  mu^t  he  freed  from  carbonate  of  soda  by  washing. 
(BerEclius.) 

Comhinadons*  —  a.  With  Water,  —  Hydrated  Nickel-oxtde,  or 
NlCKBL-BYDRATE, — Formed  by  decomposing  a  dissolved  nickebsalt  with 
I  potarii  or  soda;  by  heating  an  insoluble  nickel-tfalt  with  aqueous  pot  ash- 
Or  soda-aolution,  and  dissolving  out  the  alkali  with  boiling  water;  or  by 
heating  the  compound  of  nickel-oxide  and  ammonia.  The  bydrated 
oxide  usually  takes  the  form  of  appl(j-green»  bulky  ilakea;  it  is  nearly 
taateleas;  slightly  soluble  in  water.  (Tupputi.)  Gives  otf  its  water  when 
^  strongly  heated,  but  not  by  mere  boiling  with  water.  (Prouat,  A*  GM, 

■  S,  580.) 

■  Frousi* 

■  KiO „M„„„„         37-5         ....         80-64         ,.,.         78 
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MO,HO... 4e*5        u..      lOO'OO        ....       100 


^  According  to  SchalTner,  however,  the  hydrate  contains  only  76p«r  cent, 
of  nickel-oxide^  and  its  formula  is  4NiO'f  5Aq.  {Ann.  i*Aamrt.  51, 179.)  11 

I.  With  Adds,  forming  the  Salts  op  Nickel-oxide,  or  Nickel-salts, 
— The  alBnily  of  nickel-oxide  for  acids  is  considerable,  but  not  tio  great 
as  that  uf  cuWlt-oxide.  The  salt^  are  obtained  by  diss<dvitpg  the  metal 
or  the  pcniixide  iu  the  stronger  acids;  by  treating  the  pnro  or  bydrated 
oxide  or  the  carbonate  with  acida  ;  by  double  decotniMj^ition,  Sec,  Prot- 
oxide of  nickel  dissolves  in  Mil-ammoniac^  with  evolution  of  ammonia* 
(Deinar9ay.)  KtckeLsalts  are  generally  yellow  or  grey i«li-yel low  in  tbo 
anhydrous  sstatej  and  emerald-green  or  apple  green  when  hydrateil,  unless 
the  acid  itself  ha^  a  peculiar  colour.  Marks  maile  on  paper  with  the 
ftolution  turn  yellow  when  heated,  and  lose  their  colour  again  on  coolhig. 
Solublo  nickel -aaltfi,  even  when  the  acid  in  perfectly  saturated,  redden 
Utrau3  ;  they  taste  rough  and  sweetish  at  firut,  and  afterwarda  metallic, 
and  exert  an  emetic  action.  The  insoluble  salta  have  abo  a  metallic  taatOp 
but  not  so  powerful.  Nick  el -salts  which  contain  a  volatile  acid  part  with 
it  at  a  red  beat ;  the  sulphate,  however,  is  decomposed  with  ditficulty. 
With  fluxes  before  the  blowpipe  they  ex  Id  bit  the  same  cbartictera  as  the 
Qxide.     Zinc  powder  added  iu  excess  to  a  m/lutioa  of  sulphate  or  chloride 
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of  nickel  (or  of  coKalt)  sets  hydrogen  free,  aiirl  precipitates  the  whole  of 
the  metal  in  the  form  of  a,  black  magnetic  powJcr.  (BecquereU)  Zinc 
abided  to  a  solution  of  nicke!  tlirowet  down  green  flakes  and  liberates 
hydrogen  till  a  double  salt  of  stinc  and  nickel  is  formed.  (Tupputi,) 
Fischer  (Po'jfj,  n»  265;  22,  405)  likewise  obtained  green  gurnmy  flakes 
with  cadniinni  and  tin,  but  not  when  the  nitrate  of  nickel-oxide  was  used. 

Hydrusulphuric  acid  produces  no  precipitate  in  solutions  of  tiickeU 
oxide  in  the  stronger  mineral  acids,  unless  the  acid  is  saturated  as  com- 
pletely as  possible;  in  that  case,  it  throws  down  a  small  qnantity  of  hlack 
liydrated  eulphide  of  nickel ;  but  tlio  slightest  excess  of  acid  prevents  the 
precipitiitiuu.  From  nickel-Halts  containing  vegetable  acids — ^thc  acetate, 
for  example  —  hydrosulphuric  acid  throws  down  the  greater  part  of  the 
nickel.  Acetate  of  nickcl-oxido  is  completely  precipitated  by  hydro- 
snlphnric  acid.  (Ilobiquet,  Ann,  Ch'mi.  Phy^.  69,  285,)  According  to 
Wackenroderj  the  precipitation  is  not  quite  complete,  and  ceases  as  goon 
as  the  excess  of  acetic  acid  reaches  a  certain  limit.  Nickel-salts  containing 
iniueral  acidn,  but  converted  into  acetates  by  the  addition  of  acetate*  of  soda, 
are  almost  entirely  decomposed  by  hydroisulpburic  acid.  The  sulphide  of 
nickel,  when  once  precipitated,  is  but  very  sparingly  re-dissolved  by  dilate 
niinemi  acids — eomewhiit  more  freely  by  cold  concentrated  acids— and 
fioareely,  if  at  alb  by  dilute  acetic  acid.  Hence  strongly  acidulated  nickel 
solutions  yield  a  permanent  precipitate  with  an  alkaline  hydrosulpliatu 
even  in  very  small  quantity*  (VVackenroder,  K.  Br,  Arch.  16%  123.)  Alka- 
line bydrosulpUates  precipitate  nickel-salts  completely;  bydrosulphate  of 
ammonia,  however,  retains  a  portion  of  the  sulphide  of  nickel  in  solution — 
for  a  while  at  least — forming  a  dark-coloured  liquid.  The  hydrosulphato 
of  ammonia,  in  proportion  lis  it  is  converted  by  contact  with  the  air  into 
hydrofiulphite,  deposits  sulphide  of  nickel,  probably  containing  more  than 
one  atom  of  sulphur,  and  therefore  insoluble  in  hydrosulphate  of  ammoniik 
Hence  chloride  of  nickel  supersaturated  with  ammonia,  forms,  with  hydro- 
sulphate  of  ammonia,  a  liquid  which  is  black  [brown]  at  first,  but  sfowlj 
becomes  clear  by  exposure  to  the  air  (immediately  on  the  addition  of 
acetic  acid).  Hydrosulphate  of  ammonia  containing  hydrosul phi te  (tf. /♦ 
Begums  Spirit)  precipitates  nickel-solutions,  either  acid  or  ammonia 
comjiletely  and  immediatoly,  so  that  a  colourless  filtrate  is  obtaine 
(Wackenroder.)  Hydrated  sulphide  of  manganese  and  sulphide  of  cob 
likewise  throw  down  hydrated  sulphide  of  nickel  from  solutions  of  nicke 
salts.  (Anthon.) 

Ammonia  added  in  ginall  quantity,  even  to  neutral  nickel-sal ta,  '^ 
duces  but  a  very  eligbt  turbidity,  and  when  its  quantity  is  incrcaiscd^ 
changes  the  green  colour  of  the  solution  more  and  more  to  blue,  and 
ultimately  to  violet*  The  violet  liquid  may  be  jsupjjosed  to  contain 
animoniacal  oxide  of  nickel  (niccolate  of  ammonia)  together  with  another 
nickcl-i-alt.  So  long  as  the  quantity  of  ammonia  h  less  than  sufficient  to 
saturate  both  the  acid  contained  in  the  nickel-salt  aud  the  oxide  of, 
nickel,  the  liquid  probably  contains  a  certain  quantity  of  undecomf 
nickel-sal t,  as  well  as  niccolate  of  amniiuiia  and  the  other  ammonia 
salt.  The  blue  liquid,  when  exposed  to  the  air,  deposits,  in  pro|>ortion  \ 
it  gives  off"  ammonia  and  takes  up  carbonic  acid,  a  green  compound 
carbonic  acid,  nickel-oxide,  and  ammonia.^ — Potash  and  soda  arlded  If] 
nickel  salt ^  completely  precipitate  the  oxide  in  the  form  of  %n  Appl# 
green  liydrate,  containing  a  portion  of  tho  alkali,  but  insoluble  in  eic 
— Carbonate  of  ammonia,  potash,  or  soda,  throws  down  a  pale  green  pr 
cipitate^  which  Is  but  etigbtly  solublo  in  excess  of  carbonatQ  of  ^»»  erts 
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when  very  highly  concentrate  J,  but  easily  soluble  in  carbonate  of  am- 
mniiia,  with  which  it  forms  a  greeui?h-hlae  solution. — ^Chloriuo  pas^sed 
through  the  liquid  coiivei-Ls  the  precipiiate  into  hydratod  peroxide,  hut 
does  not  dissolve  it. — The  carbonates  of  baryta,  etrontia,  lime,  and 
ma^nes-ia,  do  not  precipitate  nickel-salts  in  fcbe  cohl,  but  completely  on 
hoiling,  (Demar^ay.)  According  tt>  Fuchs  (Scht\  G2,  191),  carbonate  of 
lime  prodnoes  no  precipitjite  in  nickebealts,  even  at  a  boiling  heat. — 
Uydrated  cohalt-oxide  boiled  with  nickel-salts  throws  down  bydrated 
oxide  of  nickel,  (Anlhon.)— Hydrated  Icad-oxidc  likewise  decomposes 
the  hydrochlorate  and  nitrate  of  lead-oxide  at  a  hoiling  lieat,  and 
liydrated  t^tannous  o\ideand  mercuric  oxide  decompose  the  hydrocldorate. 
(Demar^ay,  Ann.  Fhartti.  11,  2")L)~-Phospijate  of  ^oda  forms  a  greenish- 
white  precipitate  with  nickel-salts. — Sulphite  of  potash  (but  not  sulphite 
©f  ammonia)  at  a  hoiling  beat  precipit^itcs  part  of  the  oxido  in  the  form 
of  a  basic  talt,  (Bert bier.) 

Oxalic  acid  (not  oxalate  of  potash)  gradually  decomposes  the  salts  of 
nickel,  throwing  down  nearly  nil  the  oxide  in  the  form  of  a  greenish- 
white,  pulverulemt  oxalate. — ^Hydrocyanic  acid  added  to  solntions  of 
nickel  in  the  weaker  acids,  completely  precipitates  the  nickel  in  th© 
form  of  white  pnlvenilent  cyanide.  U  decomposes  the  acetate  com- 
pletely— the  salts  containing  mineral  acids  partially — and  the  sulphate  of 
nickel-oxide  and  potash  not  at  all  by  itself,  but  completely  on  the 
addition  of  acetate  of  soda;  in  the  latter  case,  however,  an  excess  of 
hydrocyanic  acid  re-dissolves  the  precipitate.  Cyanide  of  potassium 
precipitates  all  salts  of  nickel,  but  an  excess  of  it  renders  tbe  solution 
clear  again*— Tincture  of  galls  gives  no  precipitate  with  the  sulphate  or 
chloride  of  nickel,  but  with  the  acetate  it  forms  a  thick  Lrownish-yellow 
precipitate. 

Those  nickel-salts^  which  are  insoluble  in  water,  dissolve  for  the  most 
part  In  hydrochloric  or  sulphuric  acid. — The  salts  of  nickel  ftjrni  doable 
salts  w  ith  many  salts  of  amraonia,  potasb,  and  soda, 

c.  AVith  ammonia,  the  fixed  alkalis,  the  earths,  and  many  heavy 
metallic  oxides,  as  lead- oxide,  ferrous  oxide,  ferric  oxide,  &c.,'=inasnmch 
as  the  aqueous  fixed  alkalis  added  to  an  amnioniacal  solution  of  nickel 
fiitccolate  of  anmionia)  throw  down  a  compound  of  nickel-oxide  and  potash 
(niceolate  of  potash};— and  when  an  acid  solution  of  nickel-oxide  and 
magnesia,  alumina,  lead-oxide,  ferrous  oxide,  or  ferric  oxide  is  super- 
Eaturated  with  ammonia,  tbe  latter  is  unable  to  take  up  all  the  nickel. 


B.  Peboxidb  op  Nickel.     Ni*0*. 

AHdehdiwane,  or  Black  em*thi/  NkJcd,  is  perhaps  an  impure  form  of 
this  compound. 

Prtparatmi. — 1.  By  heating  tbe  nitrate  of  nickel  oxide  not  quite  to 
redness.  (Berzelius.) — 2.  By  gently  heating  tbe  carhonat;:!  in  an  open 
vesseL  {Proust.) 

Black  powder,  tbe  specific  gravity  of  which,  according  to  Herapath^ 
is  4-840. 

RothoflT.  Twissaignc. 

2Ni,. „     59         ....         7108         ...»        7(195         ....         71-43 

30  „„...», 24         „..         28-92         ,...         29*05         ....         2857 

'  NPO" 83         Z       1 0000         Z      100*00        Z       IQO^OO 

At  a  red  heat|  this  compound  gives  off  oxygen,  and  is  converted  into 
the  protoxide;  it  dissolves  iu  nitric  and  sulphuric  acid,  with  evolution  of 
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oxygen — in  hydrocMorio  aoid^  with  separatloii  af  chlorine— and  in  i^iiiow 
ammouia,  with  evolution  of  bubblefi  of  nitrogen  gaa  :  in  all  lhe«e  riiw,  i 
Boluiion  of  the  protoxide  is  formed.  (Proust,  Winkelblechy  Ann,  JFhm, 
13.  259.) 

Hydraied  Pertrnde  of  Nickel, — 1.  Formed  by  paading  chlorina  pi 
through  water  in  which  the  hydrate  or  carbonate  oi  niekcl-oxide  it  m^ 
ponded;  with  the  anhydrous  oxido  the  action  h  slower.  (Pronat,  LuMJ|ia) 
A  third  of  the  nickel  dissolves  in  the  form  of  chloride  : 

3NiO  +  CI  =  N?0»  +  MCU 

2,  By  heating  one  of  the  three  compounds  just  mentioned  with  •^neoiii 
chloride  of  lirne  (Proust,  Bottger)  or  chloride  of  soda  (DemaJ^y). 
Bromioe-water  likewise  converts  the  protoxide  of  nickel  into  hrOMI 
and  peroxide  (Balard);  and  when  a  nicket-salt  is  placed  in  the  oirarilrf 
a  voltaic  battery  consisting  of  at  lea^t  100  pairs  of  platoe,  peroxide  tf 
nickel  [hydratodt]  collects  on  the  positive  pole.  (Fischer^  Katitk  Artk 

Black  mass,  having  a  shining,  conchoidal  fracture;  when  dUToeid  h 
water^  it  appears  dark  brown. 

WiiilEelbl«dt« 

2NI 59         ..„         53*64        ....         S3JM 

30- 24         .,,.         21*82         ....         22  05 

3H0     ...  ....         27         .  .         24'a4         ...         2413 

Ni^O«,3HO..       TTo         „„       10000        Z,       100*00 

The  hydrate,  when  heated  to  redneaSy  fpTee  off  oxprg«n   aad 
and  leaves  protoxide  of  nickel     All  aci£  diiealTe  it   with  vi 
and  convert  it  into  a  salt  of  the  protoxide;  with  cold  aqnoone  ottdiOl 
it  is  (juickly  converted  into  carbonic  acid  gas  and  green  pulvtroleal  WA 
oxalate.  (Winkelblech,) — It  may  be  boiled  with  eauettc  polaA  Of  J 
without  yudergoing  decomposition;  but  when  boiled  with  iral0f  i 
jD^^  a  trace   of  acid,  it  gives  off  oxygen  with   Tioleiit      ~ 
(l/emar9ay,  Ann,  F/iartfu  U,  25U) 


Nickel  akd  Cardo?c. 

A.  Carbide  OF  NicKEL.^a.  To  this  head  belongs  the  nickel  i 
at   (1)  page  361,  obtiiincd  by  redocing  the  protoxide  with  chatcoel- 
b.  Nickel  tuaed  upon  charcoal  l)€fore  the  oxy- hydrogen  blowpipe,  lakes  op 
carbon^  which  renders  it  brittle,  and  give^  it  a  brass-yellow  colour;  * 
it  remains  nwgnctic.  (D/iberciner,  N.  TV,  4,  1,  293.)— c.  The  ma 
residue  obtainnd  on  igniting  the  cyanide  of  nickel,  is  inthr^  ■  —  -  tu 
a  compound  of  nickel  and  carbon. — d,  Nickd-graphitr. —  \ 
reduced  with  charcoal,  the  resulting  metallic  button  is  found  lo 
with  softly  crystalline,  stccl-erey  scales,  which  leave  a  ytain  wh 
are  greasy  to  the  touch,  and  dissolve  in  nitric  acid,  (Will  Ross,  «\  imii 
AntL  PkiL  18,  62,  and  140.)     Probably  pure  carbon* 


CAnnOKATE    OF    NlCREL-OXlDE,    Or     NlCKn-CARBOXATIL— ^. 

/  (M— ti,  Bmtrald-nkkel,  N ickdmiaragd, — Occnn  in  Hbm  1 
.1  LAIC  crust  on  chrome-iron -ore  in  Texas,  and  in  Lin«a0tor4 
ilmia;  known  to  American  mineralopsts,  sineo  1844>,  fcgrtitl 
fttidt  of  Chrom inm,    Amorphons,  with  an  nneren ,  mrnmrn^  '" ' 


NICKEL-CARBONATE,  SOT 

fracture.     Hardnesa  between  calcspar  and  fluorspar,     Sp*  gr*  from  2*57 
to  2'G.93.     Emerald-green,  with  strong  vitreous  kstro   and   yellowisb 
green  streak.     Heated  in  a  flask,  it  gives  off  water,  and  turns  blackish - 
gxej.    Dissolves  readily  in  hydrochloric  acid,  leaving  a  residue  of  chrome- 
iron.  {SUL  Am,  J.  [2],  6,  248.) 

Emtratd'HicJtel,  SillmAti. 

3KiO«. 112'5         .,.,         5973  .♦,.         58-62 

C<j».... .„., „ 22'0         ....         11*66  ....         1169 

6HQ 54'Q         ....         28-61  ...■         29M9 

NiO,C(F+2(NiO,3HO)  ....       188'5         ....       10000        ...       100  00 

fi,  Hydi'o-nickel-magnesiie, — A  mineral  allied  to  the  preceding,  and 
€>ccurring  in  the  same  localities,  on  serpentine.  It  contains  magnesia  in 
addition  to  the  preceding  constituents.  It  has  not  been  analyzed  quanti- 
tatively. (Shepard,  SUL  Am,  J.  [2]  6,  250*)  H 

h.  Momocarbonate, — The  protoxide  and  its  hydrate  absorb  carbonic 
acid  from  the  alr^  and  acquire  a  green  colour  in  conseqaence.  (Praust.) 

When  a  niekel-salt  is  precipitated  bv  an  alkaline  carbonate,  pale 
apple-green  flakes  are  obtained,  which,  alter  washing  and  drying,  soma^ 
times  mrai  a  loose,  earthy,  pale  green  mass,  having  a  faint  metallic  taste^ 
sometimes,  especially  afttr-r  continued  washing  with  boiling  water,  a  thick 
black is*h' green  mass,  having  a  conchoidal,  waxy  fracture. — The  salt  thus 
obtained  is  always  baaic;  but  its  proportions  of  base,  acid^  and  water  vary 
considerably,  accordingly  as  monocarhonate  or  bicarbonate  of  potash  has 
been  used  as  the  precipitant,  and  according  to  the  composition  and  tempe- 
rature of  the  mixture,  and  the  temperature  of  the  wash  water;  this  will 
be  seen  from  the  following  statements  :  a.  Precipitated  by  bicarbonate  of 
potash  :  greeni«h-whitej  falls  to  pieces,  and  forms  a  white  powder  when 
expoaed  to  sunshine.— 6.  Precipitated  by  monocarhonate  of  potash.  (Ber- 
thier.)  [These  precipitates  were  probably  merely  d  ried  in  the  air.] — c*  Pre* 
cipitated  by  bicarbonate  of  potash  from  a  tolenibly  concentrated  solution 
of  chloride  of  nickel  kept  in  constant  ebullition.  The  gelatinous  preci- 
pitate, after  being  washed  with  warm  water,  shrinks  together  strougly 
on  drying;  it  is  green  and  dotted  with  white  specks ;  dried  over  oil  of 
vitriol  in  vacuo. — d.  The  dilute  solutioD  precipitated  with  a  slight  excess  of 
inonocarbonate  of  potash.  One  part  a  washed  with  cold,  the  other  3  with 
lolling  water;  both  dried  in  vacuo  over  oil  of  vitriol. — f.  Precipitated 
from  a  tolerably  concentrated  and  boiling  solution  with  twice  the  quantity 
of  monocarhonate  of  potash  required  for  precipitation;  the  prtcipitate 
after  drying  in  the  air,  loses  no  more  weight  by  drying  in  vacuo.—/  Tlie 
'  «ame  as  c/,  but  the  solution  more  dilute,  and  the  precipitate  washed  with 
boiling  water;  dried  as  above. — ^r.  Precipitated  from  a  moderately-con- 
centrated solution  by  carbonate  of  potash;  the  precipitate  merely  dried 
in  the  air.  (Setterberg,  Po^y.  19,  56.) 

a»           b.  c.            d,a,         rf,/3,  e.  /.             ^. 

48  3  .,.  47*5    ...  67-47  ....  69  50  ....  7160  ....  73-69  ....  81'58  ....  6878 

21-0  .  .  HO  ...  14-89  ...     615  ...     5*23  ....  1106  ....  2  99  ...     317 

30-7  ....  38-5  _  17-64      .  25-35  , ..  2317  ..  15-25  .  ,  15*43  .  .  28*05 


lOO-O  ....lOO'O  ....100-00  M..IOO-00  ..,.100-00  ....lOO'OO  ,.,.100-00  .,..100-00 
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Nickel  and  Borox* 

Borate  op  Nickei-oxide. — Borax  throws  down  from  nickel  salts  a 
pale  apple-green  powder,  not  soluble  in  water,  but  soluble  in  sulphanc, 
Lydroclilurjc,  and  nitric  acid  (Tupputi);  it  foses  into  a  hyacinth-coloored 
giads,  (Berzelms») — Sexborate  of  eoda  likewise  forms  a  greenUh  preci- 
pitate witU  nickel-salts. 


Nickel  akd  Phosphorus. 

A*  PiiosPHir>i3  OP  Nickel* — a.  Confainin^  htU  a  small  qiiantUjf  (/ 
Fkospltortfs.—l,  Formed  by  passing  phospliorus  vapour  over  red  bol 
nickel  (IL  Davy);  or  by  throwing  pieces  of  phosphorus  on  red-hot  iilcVA 
(Pelletier).^2.  By  fusing  nickel  with  glacial  phosphoric  acid  aad  chanW 
powder  (Pelletier);  or  from  €>  to  8  part-^of  nickel-filings  or  nickel -oxide  in 
a  charcoal  crucible  with  10  pt3.  bone-asfj,  5  quartz- powder,  and  1  chtircml 
(Berthicr), — Silver-white,  brittle;  exhibits  an  actcular  a  tract  lire,  according 
to  Pelletier^-laminar,  according  to  Lampadiua  and  Berthier,  Much  more 
fusible  than  nickel;  not  magnetic.  The  phosphorus  barns  whea  the 
compound  is  heated  in  the  air. 


FelWticr. 
83 
17 


lAmpadittS. 
87 
13 


leo 
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h.  Triphosfphide.^L  By  heating  chloride  of  nickel  in  a  cufrent  of 
pho^phuretted  hydrogen  gas, — 2.  Similarly,  with  sulphide  of  nick«l.— 
Prepared  by  (1);  black,,  insoluble  in  hydrochloric  acid,  but  easily  deeotn- 
posed  by  and  dissolved  in  nitric  acid,  (H.  Rose,  Pogg^  24,  322.) 


88-5 

..   73*81   . 
26  19 

H.Rose. 
72-41 

?......» 

31-4 

27-69 

Ni^P 

...,   116-9 

100-00 

.„   100-00 

B.  ilvpopnospoTTE  OP  Nickel-oxide,  or  NicKEL-iiYPOPUospniTE.— 
The  solution  prepared  like  that  of  the  corresponding  cobalt-«a1t,  and 
evaporated  in  vacuo,  yields  less  distinct  green  crystals,  which  appew  to 
be  cubes.  ThoafC  cry.stalsj  wdien  lieated  in  a  retort,  give  off  water  at  fifrt 
and  turn  yellow — then  swell  up  violently,  and  give  off  a  gaa  which  do«f 
not  take  fire  spontaneously,  but  blackens  silver-solution  stroDglj,  %xA 
hums  with  a  bright  ])hosphorui5-flanie  when  set  on  fine— and  finally 
leave  a  residue  of  nick  el -phosphate  blackened  by  the  admixture  of  mt^ 
phosphoric  compound,  and  inaoliiblc  in  hydrochloric  acid.  (H.  RoM^  i*«^* 
12,  m.) 

C*  PiTospiTiTE  OP  NicKEL-oxfDE,  or  NicKEL-PHospjiiTE. — TcrchloHih' 
of  phosphorus  dissolved  in  water,  neutralised  by  ammonia,  and  ihen 
mixed  with  a  neutral  solution  of  chloride  of  nickel,  deposits  this  Kilt, 
after  a  while,  in  crvstalline  scales.  The  mother-liquid,  which  is  still  some- 
what greenish,  an<l  like  wise  the  greenish  wash-water,  yichi  an  additionil 
precipitate  when  hoiled,  but  still  retain  a  slight  greenish  tint.     The  driivl 
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e^h  bcated  in  a  fetort,  is  decomposed  without  ylsiUIe  combustion,  aiul 
yields  water  and  Ijydrogen  gas  free  from  pltosphorus,  (H.  Rose,  Fo^ff, 
i>,  41.) 

2>.  PiiospnATE  OP  Nickel-oxide,  or  Nickel-phosphate. — a.  IVi- 

phonpha(€  ? — By  precipitating  a  uickel-salt  with  dipliospliate  of  soda.-^- 
Palo  apple-green  flakesi  or  emerald -green  crystalline  granules. — By 
ignition  in  hydrogeu  gas,  it  ia  resolv^ed  into  water  and  phosphide  of 
nickel.  Insoluble  in  water^  but  soluble  in  ^sulphuric  hydrochloric,  or 
nitric  acid. 

6.  Acid  Phosphate, — Concentrated  phosphoric  acid  exerts  no  action 
on  the  metal,  but  the  dilute  acid,  when  heated,  diasolves  it  with  evolution 
^  of  hydrogen , 

^        E.  Pyrophosphate  op  Nickel-oxide. — Analogous  to  the  cobalt- 
salt. 

%  Formed  by  decomposing  sulphate  of  nickel-oxido  with  pyro- 
phosphate  of  soda.  Light  green  powder,  yellow  after  ignition.  Dia- 
fK>lves  in  mineral  acids,  in  pyrophosphate  of  .soda,  and  in  ammonia.  If 
the  nickel  contains  cobalt,  only  the  cobalt-compound  m  precipitated  from 
the  ammoniacal  solution  by  alcohol,  the  nickel-salt  remaining  in  solution, 
— Oo  dissolving  this  n%\i  in  sulphurous  acid  and  boiling,  it  is  reprecipitated 
in  the  crystalline  state  ;  if  it  contains  cobalt,  a  crystalline  cohalt-sa!t  id 
first  thrown  down,  and  afterwards  thentckel-salt.  The  salt  dried  at  100° 
gives  ofl'  26*05  per  cent,  of  water  on  ignition, 

Schwanseuberf. 

2NiO.....^ 75-0        ....         51-23        ....  51-3 

PO*   ,., 71*4         ..„     ^  48*77         ....  48*7 

2NiO.^PO*  14G-4     "  ....       100*00        Z         100-0 

CrpttalUitd.  Scbirarzenberg. 

2NiO 75 -0        ..-.        37^42 

PO*  .., 71*4         ....        35*63 

fiHO 54-0        ....         26*95         ....        26*05 

2NiO,*PO*4'6Acj.    200-4         ..„       lOO'OO 
(Schwarzenberg,  Ann.  Fhann.  B5j  158.) 

F*  Met  A  phosphate  of  Nickel-osidb. — Formed  by  mixing  sulphate 
of  nickel-oxide  with  excess  of  dilute  phosphoric  acid,  evaporating,  and 
heatiDg  in  a  platinum  capsule  to  316^;  it  is  then  obtained  in  the  form  of 
a  greenish-yellow  powder,  insoluble  in  water  and  dilute  acids,  hut  soluble 
Id  strong  sulphuric  acid. 

fcMttddrelL 
NiO. 37'5         .  .         3448         .,.         34-40 
P0» 71-4         ....         65-52        ....         63-60 
\        Nio,«PO« 108-0  100-00      Z.     ioooo 

ddrell,  Ann.  Fimrm.  61,  5^.)  % 

Nickel  akd  Sulphur. 

>istiLPHiDE  OP  Nickel. — Formed  by  passing  hydrogen  gas  over 
^f  nickel-oxide  at  a  red  heat.    Decomposition  takes  place  quickly 
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with  evoUition  of  sulplmroue  acid  and  water,  and  finally,  alflo  ol  i 
phTiretted  liydrogen.     100  parte  of  anhydrous  nickel-sulphate  leave  4l4 
of  diijiilpbide  of  nickel, — Pale  yellow,  metallic,  semifusect  brittle;  ei' " 
moderate  magnetic  power. — Dissolves  in  nitric  acid,  leaving  a  rectdv 
snlpbur;   elowly   in   strong   bydrochloric   acid,   with    erolution   of 
pharetled  hydrogen  [and  pure  hydrogen],  but  not  in  dilate  hydroch 
acid,  even  when  heated.  (Arfve<lsou,  Pogg,  1»  65.) — To  this  h«ail  prob 
belongs  also  the  yellow-greyish- white,  strongly  lustrous,  very  britlK^ 
highly  mai^etic  sulphide  of  nickel,  which  Berthier  obtained  by  he  ' 
the  sulphate  to  whiteness  in  a  charcoal  crucible;  its  fracture  waa  li 
in  one  direction,  but  granular  in  all  others;  100  parts  of  nickel-sfill 
yielded  only  52  pts,  of  the  sulphide. 

B,  PROTOfl0LpniDE  OP  NicKEL, — Found  natiye  in  the  form  ^ 
Capillary  Pyrites. — Prfjmrnlion. — 1.  Nickel  and  sulphur  heated  togytlff 
combine,  producing  vivid  incfindesceuce.  (Proust,  H.  Rose.)  Comhiiste 
takes  place  below  the  melting  jwint  of  sulphur,  Nirkcl-dast  takMlte 
when  thrown  into  a  glass  tube  an  inch  wide,  filled  with  sulphur  TijNPir. 
A  mixture  of  nickel- dust  and  milk  of  sulphur  in  equivalent  proportioiii 
contained  in  a  glass  tnbe,  takes  Ore  when  touched  at  the  upper  end  will 
a  glowing  coal,  and  burns  down  to  the  bottom  of  the  tube,  ( WiokclllbA 
Ann.  Phami.  2Q,  3C,) — 2.  By  heating  nickel-oxide  with  sMk^ 
(Tupputi.) — ^3.  By  passing  8ulphnrette<l  hydrogen  oTcr  red-bol  aicM- 
oxidCj  whereupon  100  parts  of  tho  oxide  yields  121 '3  parta  of  sulphi^ 
(Arfveilson,)^ — 4.  By  igniting  hydra  ted  sulphido  of  nickel  out  of  rcmtBCl 
of  air.  (Tnpputi,) 

By  (1)  and  (2):  Fused,  bronzo-yeUow,  brittle;  exhibits  an  UfiefS 
fracture;  not  magnetic^  (Tuppnti,  H.  Rose.)  By  (3):  Dark  brown^  oai^ 
niugnelic  powder,  less  fusible  tban  the  disulpbide.  (Arfrcdi^in,) — By  ICTI* 
tion  in  the  uir,  it  is  couvertcd  into  a  green  mass  (bailie  sulphate  of  nicul* 
oxide?).  When  heated  to  redness  m  phoepburetted  hydn>gen  ga^,  it  il 
slowly  decomposed,  yielding  phosphide  of  nickel  and  sulphuretted  hvdx*- 
geu  (Hi  Rose);  not  decomposed  by  hydrogen  gas  at  a  red  heat.  (H.  iU«i^ 
Pof/ff.  4^  129;  Arfvcdson.) — ^Gives  oil*  but  a  very  small  quantity  ^(  «l* 
pliur  when  ignited  in  a  current  of  aqueous  vapour.  (Regnault,  Jt^HL 
Vhim.  Phf/s.  62,  380.)  Not  decoiuposea  by  chlorine  g^  in  ilHe^oUiiai 
very  slowly  even  when  heated.  {H.  Rose,  Po^f/,  42,  540.)— DtMolvii  ur 
nitric  acid  and  aqua-regia,  the  sulphur  being  partly  sepftrai^d,  «m1  ptftlr 
converted  into  sulphuric  acid.  Not  soluble  in  hydrochloric  or  j  '  ' 
acid. 

Capillary  pyrita  oeeiifs  in  capillary^  regular  aix-aided  \_ 
from  an  acute  rbombohedron,  whose  faces  often  leimiiittlt  the 
Fi<f,  151  and  154.     Cleavage  parallel   to  the  faces  of  an  acnto  i 
hedron;  r'  :  r^=35^  52',     Sp.  gr,  5278,  (Miller,  PhU.  Ma^,  J. 
20,   378,)     Double  six-sided  pjramid,   of  specific   graTiij  6*00, 
thaupt.)     8p,  gr*  5*65.  (Rammelsberg.)     Harder  than  calonnr; 
yellow,  inclining  to  brouze-yellow«     Heated  on  charcoal  before  Ibo  liJffi^ 
pipe,  it  gives  off  sulphurous  acid,  and  fuses 
magnetic  mass  of  nickeHBer»eli us);  into  a 
roBJSting,  it  behaves  with  fluxes  like  oxide 
difficulty  in  nitric  acid,  easily  in  aqua-regia. 
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HydrMed  Frotosulphide  of  Kklcd^  or  MydmBulphate  of  Nickel-oxide. 
— Precipitated  on  adding  hydroaulpliuric  acid  to  a  nickel^salt,  citlier  con- 
taining^ a  Tegetablo  acid,  or  containing  a  mineral  acid  and  perfectly 
saturated  with  nickel-oxidoj  also  on  mixing  any  salt  of  nickel  with 
an  alkaline  hydroBulphate,  —  Brownisli-ldack  powder,  grecnisli  in  the 
finely  divided  stitte.  Converted  by  ignition  into  sulplnde  of  nickel, 
with  evolution  of  f^alpliurous  acid  gas  [?]  and  a  very  small  quantity  of 
water.  (Tupputi.)  When  exposed  to  the  air  in  the  moiat  state,  it  asfiumea 
a  green  tint,  and  is  converted  into  haaic  \f\  sulphate  of  nickel  oxide. 
(Wackenroder.)  From  cadmic  aiilphate,  lead -acetate,  ferric  chloride, 
cnpric  sulphate,  and  silvor-iiitnite,  it  precipitates  the  metals  in  tlie  form, 
of  sulphides*  (Anthon.) — While  yet  moiHt,  it  dissolves  in  aqueoas  sul- 
phuroas  acid,  (Berthier.)  Diasolvea  with  difficulty  in  hydrochloric  acid 
with  evolution  of  sulphuretted  hyilrogcn,  very  sparingly  in  acetic  acid, 
somewhat  more  abundantly  in  aqueoua  ammonia  and  in  alkaline  hydro- 
4iulphatea,  from  which  it  is  reprecipitated  on  exposure  to  the  air,  or  when 
saturated  with  act* tic  acifl, 

Hydrated  sulpliide  of  nickel  precipitated  from  nickcl-salta  by  hydro- 
sulphate  of  ammonia  which  ha-s  become  yellow  by  exposure  to  the  air, 
and  containing  more  than  one  atom  of  sulphur,  remains  black  when 
exposed  to  the  air,  dissolves  very  sparingly  in  dilute  mineral  acids, 
and  is  perfectly  insoluble  in  acetic  acid  and  hydrosulphate  of  ammonia* 

rackenroder.) 
C.  Btsitlphide  of  NifTKEL. — By  strongly  igniting  carbonate  of  nickel* 
oxide  with  sulphur  and  carbonate  of  potash,  and  washing  with  water,  a 
bisulphide  of  nickel  is  obtained,  soft  to  the  tonch^  and  exhibiting  a  dark 
iron-grey  colour.  Chlorine  gaa  auickly  decomposes  it,  the  products  being 
chloride  of  sulphur  and  chloriae  of  nickel,  the  latter  amounting  io 
105-78  per  cent,  (Fellenberg,  rof^g.  50,  75.) 

f 

T  D.  Hyposulphite  of  Nickei^-oiide,  or  Nickel-hyposulphite. — 
1,  Nickel,  like  zinc,  dissolves  in  aqueous  sulphurous  acid,  without  evolu<* 
tioD  of  gas,  and  forms  sulphite  and  hyposulphite  of  nickel-oxide.  The 
gieea  solution,  when  evaporated,  first  yields  crystals  of  sulphite,  after- 
wards more  yellowish-green  crystals  of  hyposulphite  of  nickel-oxide;  the 
remaining  mother-liquid  is  resolved  by  heat  into  eulphnrous  acid  gas, 
sulphur,  sulphide  of  nickel,  and  sulphate  of  nickel-oxide.  (Fordos  k  Gelis, 
N,  J.  Phami.  4,  333.) — By  precipitating  hyposulphite  of  strontia  with 
sulphate  of  nickel -oxide,  and  evaporating  the  green  filtrate  over  oil  of 
vitriol,  slight  decomposition  takes  place,  attended  with  preci\)itiitkiiv  tal 
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fiulpliiJe  of  nickel,  and  green,  permanent  crystals  arc  obtained,  liaTiiig 
tho  forin  of  hyposulpbite  of  mafjue.?iii.  Tliey  are  conrerted,  even  below 
100',  into  a  lemiHuid  raasSj  wliicb,  as  the  temperature  rises,  gir&  off 
water,  sulphurons  acid,  and  eulpliur,  and  leaves  32*73  per  cent  of  nickel- 
sulpliide  in  the  form  of  a  yellow,  agglomerated  niase.  (Raaimelaberg,  i'o^ 
50,  30b\) 

CryttttUized,  RamiDcUbof. 

NiO - 37-5        ....        26-88         ....         26-5 

8=0- 48-0         ...         34-41 

6HO 54-0         ....         3871 

NiO,8W  +  6Aq.    ....     139  5         Z       1000 

E.  SuLPniTE   OP    NrcKEL-OXII>E,   or    NiCKFX-SULPniTE. <1,    Aliif,— 

Precipitated  un  boiling  a  ntckel-salt  with  t^ulphite  of  ]K>tafib;  bceoBm 
more  basic  fluring  wa-sbing.  (Bertbier.) — According  to  Botttnger  (i«. 
Phaym.  51,  400),  the  precipitates  obtained  by  boiling  nickel-^lti;  wili 
sulpbite  of  ammonia  always  contain  ammonia. 

6.  Monomlphite. — The  crystals  which  separate  from  a  sc^lution  of 
nickel  in  atjueous  siilpburous  acid  {vid.  sup).  When  strongly  tfnrti<4 
they  leave  a  residue  of  30 '4 S  per  cent.  In  the  state  of  a<|aeoQS  molifltf 
they  take  np  101*8 J  parts  of  iodine.  (Fordos  ik  Geli«.) 

Vryttallhed:  C&lcuhihUt  aocordinf  to  FordotHMli 

NiO 37-5         ....         30  36 

SO' ^„.„,  320         ....         25*91 

Clio 54-0         ...,         4373 

NiO,SO^  +  6Aq 123^5         Z       1 0000 

1"  When  anlpbiirons  acid  gas  is  passed  through  water  in  whi^  a  kff* 
quantity  of  hydrated  nickel-oxide  is  suspended,  the  whole  dissolr*^  iiii 
the  suhition  yieldj^i  a  amall  quantity  of  a  crvstaDine  powder,  which  »  «» 
longer  soluble  in  water^  but  dissolves  in  hydrochloric  acid,  wiUi  evdotiiB 
of  Bulpburona  acid.     It  contains  4  atoms  of  water. 

Mufpntt* 

NiO „„.....        37*5         ....        35-55  3552 

S0» 32-0         ....         30-33  3015 

4H0    ..,., StJ-0         ....         3412  34-33 

NiO,SQ^  +  4Aq,       105-5         Z.       100*00         Z        10000 

The  liquid  filtered  from  this  salt,  when  placed  for  some  d«y»  i&  Tiflii 
over  sulphuric  acid,  yielded  very  fine  tctmbedral  crystals  of  the  ft^ftUtf 
salt,  with  6  atoms  of  water.  (Mnspratt,  Ann.  Fharm.  50,  281.)  % 

F.  HVPOSULPTTATE    OF    NiCKEL-OXIDE,    Or   NieK.EL-B¥f€0m.num-* 

By  decomposing  hyposulpbale  of  buryta  with  sulphate  of  niekol-oxKic^  liA 
evaporating  the  fi Unite,  long  green  prisms  are  obtained,  which  we  nii>lwJ 
by  heat  into  sulphurons  acid  gas  and  sulphate  of  nickel-oaddct,  (B*^ 

inelftberg,  Pofjg,  50,  295.) 

NiO 37-6      ...       22-03  22*i» 

S»0»    .,,....... .         720      ....       44*04 

6Ii0 54-0      ....      33*03 

Nia,8«0»  +  6A<|.  ioi^i      ....    100*00 
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K  Sulphate  of  Njckel-d\ii>e,  or  Nickel-sclpjiate. — a.  Basic. — 

I,  By  gently  igniting  the  salt  6.  (Tiipputi.) — 2.  By  precijiitaiing  the 
aqueous  solution  of  b.  with  an  insufficient  (quantity  of  a  fixed  alkali* 
(Berzeiiua  ) — When  obtained  hy  the  aecynd  method,  it  ia  a  green  powder 
very  slightly  soluble  in  water,  and  exhibiting  au  alkaline  rc-action, 
(Berzelius.) 

h,  Monomlphate. — Formed  hy  dissolving  nickel,  or  the  protoxide,  or 
tbe  carljonate,  in  dilute  sulphuric  acid, — The  salt  dehydrated  hy  gentle 
heat  is  of  a  light  yellow  colour.  At  a  higher  teraperatare,  it  gives  off  part 
of  its  acid,  and  is  reduced  without  fusion  to  a;  at  a  red  heat,  nearly  all  the 
acid  is  evolved.  Heated  to  tluU  roflnciis  with  charcoal,  it  givei^  off  carbonic 
and  sulpliurous  acid  gases  in  equal  volumes,  and  leaves  me  tall  ie  nickel 
together  with  a  very  small  quantity  of  sulphide  (Gay-Lussac^  J,  pi\  Chivi* 

II,  68J: 

KiOi  S03  +  C  ^  Ni  -I-  SO^  +  C0-\ 

Turns  green  on  exposure  to  damp  air.  The  aqueous  solution  deposits 
liyd rated,  transparent,  emerald-green  crystals,  of  two  different  forms. 
First  form:  Right  prismatic,  precisely  similar  to  the  form  of  zine-vitriob 
Fig,  73 j  u  ;  t*  =  91'  10',  Cleavage  parallel  to  it  and  u\  (Brooke,) — 
Second  form:  Square  prismatic  Fig,  37;  e  :  e*  =  139^  ll\'  (Mitacher- 
licK  Fogg.  12,  144)^  p  :  €  =  126^  24';  p  :  e  ^  1 10'  40';  p  :  ike  jace 
heiweefi  e  and  e  =  117''  37'.  Cleavage  parallel  to  p  and  </.  (Brooke,)  The 
second  form  is  obtained  chiefly  from  the  mother-liquid  containing  excess 
of  acid;  and  on  dissolving  these  crystals  in  pure  water  and  conceutrating, 
cryi<tals  of  the  first  form  are  obtained.  Ou  tho  other  haml,  when  the 
rhombic  crystals  are  dissolved  in  water  containing  half  their  weight  of 
oil  of  vitriol,  and  the  solution  evaporated  between  15^  and  18'',  rhombic 
Ciyfitals  are  first  obtained^  and  afterwards  those  of  the  f?quare  prismatic 
form.  The  rhombic  crystalsi  when  exposed  to  tbe  air,  lose  about  I  atom 
of  water;  the  square  prismatic  crystals,  m  which  a  certain  portion  of  the 
water  is  replaced  by  sulidiuric  acid,  do  not  give  off  water  on  mere 
exposure  to  tbe  air.  {Brooke  *k  R.  Phillips,  Ann,  PML  22,  437;  ahstr. 
Fogg,  6,  193;  M.  Phillips,  FhiL  Mag.  Ann.  4,  288,) — A  warm  solution 
yields  princii)ally  the  square  prismatic  crystals*  The  rhombic  crystals 
placed  on  paper  and  exposed  to  the  sun  for  two  or  three  days,  are  converted 
into  an  aggregate  of  square-based  octohedrous,  retaining,  however,  their 
water  and  their  external  form,  {Mitscherlich/) 

The  crystals  [probably  the  rhombic]  bave  a  density  of  2*037  (Kopp); 
they  taste  rough.  When  exposed  to  the  air,  they  turn  white  from  sligbt 
efflorescence.  At  1 03*3%  they  give  off  G  atoms  of  water,  but  retain  the 
ficventh  till  they  are  heated  above  27l>'4\  (Graham.)  They  dissolve  in 
3  parte  of  cold  water,  but  are  in^soluble  in  alcohol  and  ether.  Glacial 
acetic  acid  precipitates  the  salt  completely  from  its  aqueous  solution, 
(Pcrsoz*) 

Anhtfdrouf,  Berth  icr.  Tupputi. 
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1L  SHUDnAim  dir  KiexHrttxaiL  m  Ktocn-iEiLcmATK.— Ayiiili 
■■■■ijlirw  wVk  l^MB  of  akfal-wJplMfcK  <<»»  ^  u4  widh  Oim  d 

f  :«=rfr;  r:f=l»rt8;  ^;l*^;iwf6rtP8«i  *iiid/:=lir  54i';i>:«= 
Ur  50-.  fte.  OiitMteliA,  /iw*  It,  124  ) 

A.  loDiDS  OF  NicKCi. — 1.  Pttlrernleiit  nlekel  redtiefd  hj  hydnfii^ 
belted  wiUi  iodine  in  m  gla»  tuW,  or  rapour  of  lodlna  w  9M»4  •^ 
^  Wbea  Ike  retailing  iroii-tlmck,  l&miosted  mixtvm  of  wM-lMf^ 
Mmilie  nltkel,  ead  nickel  oxide  (ihe  last  prodaoed  br  oxeoM  iif  eirll  v 
iulj  igBiled,  pore  iodide  of  nickel  mbUmee.    Nidcd  ia  Ibe  < 
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state  has  no  sensible  action  on  iodine,  oven  witli  tbe  aid  of  heat* — 2.  The 
eolutiou  of  nickel**) xide  in  uqiteous  hydriodic  acid,  learea  on  empo ration 
a  black,  nietal-shining  residue,  wlnchj  when  ignited  out  of  contact  of  air, 
Bublimes  without  fusion  or  dccoui position. 

The  gublimed  iodide  of  nickel  obtained  by  (1)  and  (2),  prew«nta  the 
appearance  of  strongly  lustrous,  iron-black  laminie,  resenibliog  micat  and 
unctuous  to  the  touch.^ — If  the  air  has  access  to  it  during  eubliniatiun,  a 
small  quantity  of  grey-green  oxide,  free  from  iodine,  is  left  l>ebind, 
(Erdmaun.)  Lassaigne,  by  heating  nickel  with  iodine,  obtained  a  brewn, 
fasible  mass  which  dissolved  in  water,  forming  a  green  solution. 
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1S&6 
61-44 


Laasaignc* 
23*81 
7619 


Nil 


155-5 


10000 


100*00 


10000 


Hydratkd  lomnE  of  Nickel,  op  Hydrate  op  Nickel-oiide.^ — 
Iodide  of  nickel  soon  becomes  moist  in  the  air,  and  fonns  a  red-brown 
solution  with  a  small  quantity  of  water,  and  a  green  solution  with  a 
larger  quantity-  Thiij  solution  evaporated  to  a  eyrup,  yields  bluish- 
green  prisma,  which  quickly  deliquesce  in  the  air.  The  aqueous  solution 
I  is  capable  of  dtsijolviug  a  large  quantity  of  iodine  (thereby  becoming 
brown),  and  the  iodine  is  giren  oflf  again  on  boiling,  (Erdmann,  J,  pr. 
Chem,  7,  254.) 
CfjMiaUUtd,  Erdmntin  {apprnjcimaU,) 
Nil 155*5       74*22           72*82 

6HO    , 54*0       25'78 27'ie 


Nil  +  6Aq,    , 209'5 


100*00 


l(J0*O0 


The  crystals  examined  by  Erdmann  had  still  some  mother* liquid  adlier* 
ing  to  them* 

B.    HyD RATED    OXY-IODIDE    OP    NlCKEL,    Or    TeRHASIC    HyBRIODATE 

OF  NiCKEi/-oxiDE  '? — 1.  When  a  considerable  quantity  of  aqueous  nickel- 
oxide  is  evaporated  to  drjnesi^,  and  the  re^jidue  treated  with  water,  a 
small  quantity  of  this  compound  remains  undiasolved  in  the  form  of  a 
red- brown  powder.  It  often  happens,  however,  that  part  of  this  residue 
is  redissolved,  together  with  the  iodide  of  nickel,  so  that  the  solution 
appears  browuish-greeu  instead  of  pure  green,  smells  of  iodine,  give«  a 
bine  colour  with  «?tarch,  and  evolves  iodine  when  evaporated. — 2.  Hydrate 
of  nickel-uxide  digested  with  aqueoua  iodide  of  nickel,  takets  up  thi'  iodide 
of  nickel,  and  asftuuie«  a  brown-red  coloor. — 3.  Similarly  with  carhou ate  of 
nickel  oxide,  which  thereupon  gives  off"  carbonic  acid.— 4.  The  compound 
is  likewise  formed  by  triturating  hydrated  nickel-oxide  with  an  alcoholic 
eolation  of  io^line. — When  it  is  prepared  by  2,  3,  or  4,  a  certain  quantity 
of  hydrate  or  carbonate  of  nickel -oxide  remains  mixed  with  it,  even  if  an 
excess  of  aqueous  iodide  of  nickel  or  tincture  of  iodino  has  been  used. — 
The  rod-brown  powder  is  decomposed  at  a  red  heat,  yielding  vapour  of 
iodine,  vapour  of  water,  and  pure  oxide  of  nickel.  It  dissolves  in  nitric 
acid,  with  evolution  of  iodine.  Boiling  potai*h  extracts  the  whole  of  the 
iodine,  leaving  a  dingy  green  residue  of  hydrated  oxide.  When  immersed 
in  aqueous  ammonia,  it  assumes  a  dingy  green  colour  without  dissolving 
to  any  perceptible  extent;  but  the  ammonia  takes  up  iodine,  and  assamea 
a  blue  colour.     Boiliog  alcohol  converts  it  into  green  hydrated  oxide. 
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CrytiaiHitd.  Ranunekberg, 

JTiBr 107-9      .,..       79  98        79*85 

3H0   27-0         ..       £0*02         2015 

NiBr  +  3Aq 134'9      ....     lOO'OO        ~.       100*00 

■  Bromide  of  nickel  dissolves  in  lijdrocliloric  acid,  ammonia,  alcoliolj  and 
lather.  (Berthemot) 

B,  Bromide  op  Nickel-oxide^  or  Nickel- bbomate,^ — Formed  by 
precipitating  sulphate  of  nickel -oxide  with  Lromat©  of  baryta,  and 
evaporating  the  filtrate  under  a  bel!-jar  beside  oil  of  vitrioL — ^ Beautiful 
regular  octo  he  drone. —The  crystak  when  heated,  fitjst  give  off  water,  then 
decompose  with  violence,  evolving  bromine  and  oxygen  gas,  and  leave 
16-47  per  cent,  of  nickel-oxide.  They  dissolve  in  3  58  partij  of  cold 
^  water.  (Bammelsberg,  Fo^^.  55,  69*) 

Anhydrotu,  CiytiaUized.  Rammdslwrg. 

NiO  ,.,. 37-5     ..,     24-05  NiO 37^5     ....     17^86       ...       16*47 

B,BrO» 118-4     ....     75-95  BrO«   ...  118-4     ....     66-41 

■ 6H0    ...,  54-0     ....     25-73 

yKiO.BrO^ 155-9     ...  lOQ-QO  +6Aq.        209-9     ....  100*00  ~ 

^V  NiCEBL   AKD   COLOHINE. 

^P  A.  Chloride  op  Nickel. — 1,  Finely  divided  nickel  heated  to  low  red- 
^Kness  in  a  atream  of  ehtorinO|  burns  with  a  vivid  glow^  and  forms  yellow^ 
crystalline  scales  resembling  mosaic  ^old,  (H,  Rose,  Po^f/.  20,  156.) 
Chloride  of  nickel,  sublimed  for  the  most  part,  is  likewise  formed,  together 
with  chloride  of  sulpliur,  on  decomposing  sulphide  of  nickel  with  chlorine 
gas.  (Fellenberg.)— ^2.  By  evaporating  the  aqueous  solution  of  chloride 
of  nickel  or  hytirochlorate  of  nickel-oxide,  to  complete  dryness*  (Proust.) 
The  chloride  of  nickel  thus  obtained  by  evaporation,  may  bo  converted 
into  the  sublimed  chloride  by  ignition  in  a  retort.  A  small  quantity  of 
clilorine  is  evolved  during  this  operation,  being  set  free  by  the  oxyj^cn  of 
the  air.  The  spangles  of  the  chloride  fly  about  in  the  retort  ^^  they  rise. 
If  the  heat  be  continued  for  some  time,  the  whole  of  the  chloride  sub- 
limes; but  if  it  be  ajiplicd  lor  a  shorter  time  only,  part  of  the  chloride 
remains  at  the  bottom,  in  a  mass  resembling  mosaic  ffold,  containing 
numerons  small  crystals,  and  grey  nodules  of  nickel-oxide  on  the  sides* 
(Erdmann.) 

Sublimed  chloride  of  nickel  presents  the  appearance  of  soft  crystalline 
scales,  which  feel  like  mica,  are  of  a  pale  yellow  wlicn  sepanitet  but 
appear  golden-yellow  in  the  mass.  (Proust,  Buchok,  Erdniann,  Fcllen- 
berg.)  The  cliloride  obtained  by  evaporation  in  a  brownish-yellow, 
e&rthy  mass.  (Pronst,  Erdmann.) — Chlorirle  of  nickel  may  bo  repeatedly 
Btthlimed  without  fnmng.  In  vacuo,  the  snblimalion  takes  places  alto- 
gether vi^ithout  decomposition;  but  when  the  compound  is  sublimed  in. 
Teasels  containing  air,  a  small  quantity  of  chlorine  ts  i*et  free,  and  small 
grey  nodules  of  nickel-oxide  are  formed  on  the  sides  of  the  vessel. 
(Erdmann.)  Hence,  by  continued  gentle  ignition  in  the  air,  chloride  of 
nickel  is  converted  into  a  grcyish-greeo  powder  of  njckcl-oxiJe  free  from 
chlorine-  (Erdmann.)  Chloride  of  nickel  is  very  easily  reduccil  to  the 
metallic  state  by  hydrogen  gas  at  high  temperatures;  by  phosphurettcd 
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b,  WitJi  excess  of  Nickel-carbonate, — Deposited  in  the  form  of  |nJe 
green,  ixiBolublo  flakes^  wben  aqueous  niccolato  of  ammonia,  or  the  liqaid 
a  jiist  mentioned,  is  exposed  to  the  air*  (Tnpputi,) 

E.  Phosphate  of  Niceel-oxide  and  Ammoxta. — The  annQODiicil 
solution  of  nickcl-pbospliate,  boiled  as  long  as  ammoDJa  is  given  off, 
depoeiU  t>alc  apple-green  tiakes,  wbicL  contain  nickeUoxide  and  aniRioiu% 
togctber  witb  pbosp boric  acid.  (Tupputi.)  Alcohol  added  to  the  eol alios 
of  nickel  plio.spliate  in  ammonia  precipitates  a  light  hluii»h-g"reen  powder, 
Itkewiso  containing  ammonia;  and  if  the  alcohol  be  placed  in  a  Utct 
above  the  ammoniacal  solution,  the  precipitate  assumes  the  form  of  ery»- 
talline  grains.  (Erdmann.)  Tbo  ammoniacal  solution  of  nietaphotphate 
of  nickel-oxide  exposed  to  the  air,  deposits  all  the  nickel^  6r9t  as  a  gt%f\i^t 
afterwards  as  a  line  green  precipitate,  (Person,  Ann,  Chim,  Pipt,  50, 
3330 

F.  HYDHOSULPnATE    OF    NlCKEL-OXII>E    AND    AmMONIA. ^Hjdtlt^ 

sulphide  of  nickel  dbsolves  Bparinglj  in  ammonia  and   hydroeulpld^  of 
ammonia,  forming  a  ycllowitih-brown  solution. 

G.  AMMONio-nYPosnLPiUTE  OP  Nickel-oxide. — A  concentimt«d 
solution  of  nickcl-hypoKulpbite  is  supereatunited  with  ammonia;  the  Woe 
liquid  mixed  with  absolute  alcohol ;  and  the  resulting  blue  crjstalliiM 
powder  washed  with  alcobol,  pressed  between  paper,  and  quickly  cndoild 
jn  weli-stoppcd  bottles.  It  soon  turns  green  when  exposed  to  th* 
(Rammt'bberg,  Pa^^t;,  5B,  306.) 

RmmmeltbcTf* 

2NH-'' 34*0       ..,.       19'59         21*98 

NiO     , 37-5       ,..,       21-62         Zl'ZT 

&0^ 480       ....       27-67 

6HO   ,.. 64"0       ....       3M2 


2NH=  +  NiO,S20=  +  6Aq, 


173-5 


100-00 


H.  Ammonio-byposulpiiate    of    Nickel-oxide* — ^On   mixiocf  ibc 

aqucoue  solution  of  nickeMiyposulpbate  with  ammonia,  this  fhI 
pitated  in  the  fonn  of  a  blue  crystalline  powder,  which,  hy  - 
warm  ammonia  and  cooling,  may  be  obtained  in  purer  crystals,  ism»Ii 
prisms  of  a  fine  violet-blue  colour^  reduced  to  laniinifi  by  the  pi^ikimi- 
ryanee  of  two  of  tbe  lateral  faces.  When  heated  in  a  tubo,  it  first  ^vff 
off  ammonia,  then  sulphite  and  sulphate  of  ammonia,  and  U»avc9  a  V^^J 
yellow,  partly  black  mixture  of  jfiulidiide  of  nickel  and  sulphmic  of 
nickehoxide.  Decomposed  by  water,  with  evolution  of  ammonia  ami 
precipitation  of  nickehoxide.  (Raramelsberg,  Pi^^,  58,  295,) 


8NH» ...M. 

51 '0       . 

...       3178 
.       23-36 

3<H>i 

NiO 

S*0* 

375       . 
720       . 

3NH'  +  NiO,S»0* 

1606 

.,     100-00 

I.      AMMONIO-fiULPHATE     OF      Nl€KEL-OXll>E. AnhjdroilS 

sulphate  absorbs  65*D1   per  cent,   of  ammonia,  %'ery  rapidJy,  with  ^ 
H»e  of  temperature  and  considerable  intumescence,  and  In  thrrehjn 
verted  into  a  pale  vjulet-white  powder.     Any  water  that  may  be 
is  driven  out  in  the  course  of  tbo  absorption,  probably  in  cooaMQ 
the  ^i^c  of  tem[>eraturo.     Tho  powder^  when  moderately  hottleilt  ffi^V  < 


E 


AMMONTO-TODIDE  OF  NICKEL. 


m 
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i^  large  quantity  of  fimmoniji,  together  witli  siiiall  qimDlities  of  water  and 
ernlpkite  of  ammonia;  ami  tbe  yellow  re.si<iue  di^ssc^lves  in  water,  with  the 
exception  of  some  redufed  nickel,  wliicU  remains  in  the  form  of  a  black 
powder.  After  sudden  heatiii|j:,  the  residue  is  bladveneci  in  some  places 
by  the  presence  of  reduced  nickel,  Tlie  powder  disflolves  in  water, 
forming  a  blue  solution,  with  sepamtion  of  green  hyd rated  oxide  of  nickel* 
(H.  Rose,  Po^ff.  20,  15L) 

H,  Rose. 

3NH» , .„.         &1-0       „„       3a-69         3973 

NiO,SO»    77*5       ,..,       60-31         60'27 


3NH*  +  NiO,SO»  128'5       ,.,.     100*00 


100*00 


I 


K.  NiccoLo-suLPHATE  OP  Ammonia.^ — The  dark  blue  solution  of  crya- 
tallized  nickel-sulphate  in  the  strongest  aqueous  ammonia,  deposits  crystals 
ID  the  cokl,  Jt  may  also  be  evaporated  to  the  crystallizing  point  in  vacuo 
over  oil  of  vitriol,  or  precipitated  by  alcohol,  the  light  blue  precipitate 
redissolvcd  in  the  smallest  possible  quantity  of  warm  water,  and  the  salt 
left  to  crystal lixo  by  cooling,  Traneparentj  dark  blue,  rectangular  prisms, 
with  dihetlral  summits  resting  on  the  narrow  lateral  faces.  The  crystals 
obtained  by  evaporation  in  vacuo  have  a  more  bluish-green  colour,  arising 
from  enclosed  mother-liquid*  The  crystals  crumble  to  a  light  blue  powder 
in  the  air  or  in  vacuo.  When  heated  in  a  glass  tube,  they  yield  ammonia, 
iinlpbatc  of  ammoniaj  and  a  greyish-green  powder,  probably  consisting  of 
basic  nickel'sulpbate.  They  cfisaolvo  readily  in  water,  forming  a  blue 
fiolation.  The  concentrated  sjolution  evolves  annnouia  when  boiled^  and 
deposits  green  flakes  of  hydrated  oxide,  whicli  still  retains  sulphuric  acid, 
€ven  after  long  washing.  Insoluble  in  alcohol,  even  when  dilate. 
(Erdmanu.) 

». 34-0  ....  26-26 

»t«*.M,..  37'a  *..♦  28*06 

.».  40-0  ....  3088 

, IS'O  ....  13-90 


2NH» ». 

SO" , 

2HO........„ ,.... 

NH*O,Ki0  +  NH*0,SO»     129  5 


100*00 


Erdinimii. 
2371 
28*62 
30^83 
16-84 

10000 


L,  SuxpHATE  OP  Nickel-oxide  and  AM.MONiA.^Formod  by  mixing 
sulphate  of  nickel -oxide  with  sulphate  of  ammonia.  Bluish-green  crystals, 
having  tL©  form  of  sulphate  of  magnesia  and  anmionia,  (Mitscherlicb.) 
Specific  gravity  1*801,  according  to  Thomsou ;  i-J)15  according  to  Kopp. 
Solable  in  4  parts  of  cold  water,  (Linkj  Creli,  Ami*  1796,  1,  32.) 


NiO  , 

2SO-"'. 
7HD,. 


Cr^Mi&iiuttl  i — Mitscherlich*s  calculation » 

- 17*0       ....... 

^ 37"5 

80*0 

()3'0       


8*61 
18*99 
40-51 
31*89 


NH*0,  SO*  +  NiO,  SOa  +  6Aq,         197*5 
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M.  Ammonio-iodide  of  Xtckel. — a.  Terhmic, — The  saturated  koIu* 
tion  of  nickel-iodide  in  water  yields,  when  supersaturated  with  ammonia, 
whitish  flakes,  which  dissolve  lalowly  on  tlie  application  of  heat,  forming 
Bret  a  reddish,  and  afterwards  a  light  blue  solution.  (Erdmann.)  The 
flakes  are  light  blue,  and  dissolve  when  heated,  leaving  merely  a  small 
green  residue,  (Ramnieltiberg.)  The  blue  solution  when  cooled  (or  mixed 
with  alcohol ;  Uanumhberg)  becomes  completely  decolorized,  and  deposit.^ 
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P.  Ammonto-bromate  op  Nickel-oxide, — Formed  hy  precipitatitig 
the  concentrated  fiolution  of  nickeUbromate  Id  ammonia  witli  alcohol. — Pal© 
green  crystalline  powder — When  heated,  it  makes  a  hissiog  noise,  giving 
oir  bromine  vapour,  oxygen  gas,  and  nitrogen  gas,  and  a  aubliniate  of 
bydrobromate  of  ammonia,  while  a  mixture  of  oxide  and  bromide  of 
nickel  \h  left  behind.  When  boiled  for  some  time  with  potash,  it  gives 
ofl'  the  wbole  of  its  araraonia.  When  it  ia  digested  in  water,  the  smaller 
part  dissolves  nndecomposed  and  forma  a  blue  BQlation,  while  the 
remaining  portion  h  decomposed,  with  separation  of  green  fiakes  of 
hydrated  oxide,  (Rammeleberg,  Fo^^,  55,  60.) 

Q.  AmmoxiO'Chloeide  op  Nickel, — 1.  Chloride  of  nickel,  at  ordi- 
nary temperatures,  absorbs  74 '84  per  cent,  of  dry  ammonia,  witb  rise  of 
temperature  and  tumefaction,  and  is  converted  into  a  white  powder  having 
a  faint  tinge  of  violet.  The  powder,  when  heated  to  rediics.%  gives  off 
atnmoniacal  gas,  together  with  a  small  quantity  of  salammoniaCi  and 
leaver  chloride  of  nickel  mixed  with  a  little  metallic  nick  eh  It  dissolves 
in  water,  forming  a  bluish  solution,  leaving,  however,  an  undissolved 
residue  of  green  hydrated  oxide.  (H.  Rose,  Poff^,  20,  155.) — 2.  Th© 
solution  of  chloride  of  nickel  in  aqueous  ammonia  yieldt^,  on  the  addition 
of  alcohol,  a  light  blue  powder,  and  on  cooling,  large  opaque  oetohedrons 
with  truncated  edges  and  nummit^,  having  a  blue  colour  with  violet 
iridescence.  When  heated  in  vacuo,  they  decrepitate  and  crumble  to  a 
yellow  powder,  giving  oflf  a  trace  of  water,  then  ammonia,  and  leaving  a 
residue  of  chloride  of  nickel.  At  a  strong  red  heat,  a  aublinmte  of  sal- 
ammoniac  and  chloride  of  nickel  m  obtained^  and  the  residual  chloride  of 
nickel  is  mixed  with  a  rmall  quantity  of  metallic  nickel;  if  the  air  has 
access,  oxide  of  nickel  remains  behind.  In  warm  air,  or  in  vacuo  over  oil 
of  vitriol,  the  crystals  soon  crumble  to  a  yellow  powder.  They  dissolve 
in  cold  water  without  decomposition;  but  the  solution,  when  boiled, 
evolves  ammonia  anil  deposits  green  flakes  of  hydrated  oxide  free  from 
chlorine*     Ini>oltiWe  in  alcohol  (Erdmann, /,  pr.  Chem.  7,  266;  19,  445.) 


3NH».» „ 

Ni «... 

CI  .„.„..,. 


5l"0 
2t-5 
354 


44  ^00 

2&'45l 

3055; 


0) 
42'Bl 

57*19 


Erdmann. 
<2) 


3NH»,NiCl   115*9 


10000 


100-00 


R.  CiiLORmE  OF  Nickel  and  Ammonium* — Formed  by  mixing 
aqueous  chloride  of  nickel  with  sal-ammoniac.  —  Green,  imperfectly 
crystallized.  (Tupputi,)  IT  By  saturating  2  pt«.  of  hydrochloric  acid  with 
nickel-oxide  and  I  pt.  of  the  same  acid  with  ammonia«-H!Oncentrating  the 
mixed  solution  by  slow  evaponition,  and  leaving  it  to  itself  in  a  diy 
atmosphere  for  several  days, — large,  beautiful  green  crystals  are  obtained 
belonging  to  the  oblique  prismatic  system. 


NH* 18-0  ...  647 

2Ni » »  59^0  ,.»  20*30 

aCl ....«.....*.-* **......  106*2  .,»  36-44 

12HO .». lOS'O  ....  37-09 


Hautz. 
565 
2005 
36*44 
37-86 


NH*Cl,2NiCl-H2Aq. 291*2 

(Hautz,  Ann,  Pharm.  C6,  283.)  ^ 
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lOOOO 
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tite  compound  a,  partly  in  the  form  of  a  light  blue,  EeaTyi  cryiialliM 

powder,  partly  in  emails  blue,  shming  octoliedrons.  Tboae  cryatiJi,  wlMi 
heated,  give  off  ammonia  aud  sal-ammoniac^  then  turn  black,  eTolvi 
iodine,  and  loavo  a  compound  of  os^ide  and  iodide  of  nickel.  (Erdnaaaa.) 
At  100^,  ibey  give  off  a  email  quantity  of  water;  at  a  stronger  IhmI, 
ammonia  wltb  mure  or  lesa  waterj  and  the  nnfuaed  reaidae,  which  is  red- 
brown  at  firfit,  and  afterwards  twms  blackish -green,  conststd  of  jmre 
iodide  of  nickel-  (Rammelsberg,)  The  water  le  probably  not  eaedutiAl, 
but  cannot  be  completely  expelled  witbout  decomposition  of  the  ci>in- 
pound.  Tlie  salt  gives  off  ammonia  when  exposed  to  the  air,  becoming 
first  ffreen  and  afterwarda  brown.  It  dissolves  in  water — with  8eparati<ia 
of  light  green  flakes  of  liydrated  oxide,  containing  very  tittle  iodine  md 
uo  ammonia^ — and  forma  a  blue  liquid,  whicb,  after  a  while^  again  depofitf 
OTTStals  of  the  same  compound.  (Rammel;sberg,  Popff,  48,  119.)  It  dit- 
solves  very  sparingly  iu  excess  of  ammonia.  (Erdmann.) 


3NHa 

Nil    ,„, 

HO    

OytUllited, 

.,       hVO     „..     24G9       ... 
..     155-5     ....     75'3I       .,. 

...       22-67 
,,..       ;5-57 

Erdiauui. 

2aOiH^ 

3NH3,NiI 

,.     206-5     .„,  100-00       ,.. 

...     lOO-OO 

iwfta      1 

h.  Bt6a(rte,-^Iodid6  of  nickel  does  not  absorb  ammomacal  gu  is  tb 
cold;  but  when  pontly  heated,  it  absorbs  18*151    per  cent,,    beoo 
heated  and  swelling  up  to  a  ydlowibh- white  mass.  (RammeUbetg.) 


2NHa ._... 34*0 

Nil     «.,.. 155-5 

2NH»,Ha 189^5 


17-94         1&'3« 

8206         ........         84'«4 

100-00         ZZ        100*00 


N,  NiccoLO-TODATE  OF  Ammonta. — Alcohol  added  to  the  blue  win- 
tion  of  nickel-iodate  in  ammonia,  throws  down  small  oiygtals,  or  a  Mf^i 
bine  crystalline  powder,  which  behaves  very  much  like  the  corresponding 
cobalt-compound,  and  appears  to  oonsiet  of  2NH*  +  NiO|IO*  [or  NH*.NiO 
+  NH*,IO*J.  (Rammekberg,  Pogg,  44,  562.) 

0.  Abhtonio-beomtbeop  NfCKBL. — 1.  Pulverised  anhydrous  broiwde 

of  nickel  immersed  in  ammoniacal  gas  is  converted  into  a  pale  vialet  powdbf, 
— 2.  A  concentrated  aqueous  solution  of  bromide  of  nickel  heal!^  wil^ 
oxcoss  of  ammonia,  yielde  a  blue  lit^nid,  from  which,  as  it  cooU  a  ttgkl 
blue  crystalline  powder  of  the  same  composition  is  deposited.  The  eon* 
pound  obtained  by  (!)  or  (2)  gives  off  it^  ammonia  when  beaied,  it 
dissolves  in  a  gmall  quantity  of  water,  forming  a  blue  solution;  bat  <m 
further  addition  of  water,  bydrated  nickel-oxide  is  precipit^kteii,  and  lb« 
liquid  retains  a  pale  blue  colour.  (Kammelsberg^  Pogg,  55,  249.) 


SNHl. 

Ni .............. 

Br 

51*0 
29  5    , 

3210 
.,.     1856> 
...     49-34/ 

'(1) 
3074 

69-26 

...   {»•« 

3NH»,NiBr 

1&89     , 

..  100-00 

....      10000 

CHLORIDE  OF  NICEBL  AND  AMMONIUM. 
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P.  Ammokto-bromate  of  Nickbl-oxibe. — Formed  by  precipitating 
tLe  concentrated  solution  of  nickel-bromate  in  ammonia  with  alcohol. — Pale 
green  crystaliine  powder. — When  heated,  it  makes  a  hissipg  noise,  giving 
oK  bromine  vapour,  oxygen  gaa,  and  uitrogen  gas,  and  a  sublimate  of 
hydrobroraate  of  ammonia^  while  a  mixture  of  oxide  and  bromide  of 
Bickel  is  left  behind.  When  boiled  for  some  time  with  potash,  it  gives 
off  the  whole  of  it^  ammonia.  When  it  is  digested  in  water,  the  smaller 
part  dissolves  uu decomposed  and  forms  a  blue  eolutioD,  while  the 
remaining  portion  is  decompoaed,  with  separation  of  green  flakea  of 
iiydrated  oxide,  (Rammekberg,  Poc;^,  55,  60.) 

Q.  Ammonio-chloridh  op  Nickei*,^ — 1,  Chloride  of  nickel,  at  ordi- 
nary temperatures,  absorbs  74*84  per  cent,  of  dry  ammonia,  with  riae  of 
temperature  and  tumefaction,  and  is  converted  into  a  white  powder  having 
a  faint  tingo  of  violet.  The  powder,  when  heated  to  rediiesSj  gives  oW 
ammoniacal  gaa,  together  with  a  gmalt  quantity  of  sal-ammonme,  and 
leaves  chloride  of  nickel  mixed  with  a  little  metallic  nickel.  It  dissolves 
in  %vater,  forming  a  blui.sh  solution ,  leaving,  however,  an  uudissolved 
residue  of  green  hydrated  oxide.  (H.  Hose,  Pogr/,  20,  155.) — 2.  The 
aolntion  of  chloride  of  nickel  in  aqueous  ammunia  yields,  on  the  addition 
of  alcohol,  a  light  blue  powder,  and  on  cooling,  largo  opaque  octohedrons 
with  truncated  edges  and  summits,  having  a  blue  colour  with  violet 
iridescence.  Wheu  heated  in  vacuo,  they  decrepitate  jind  crumble  to  a 
yellow  powder^  giving  off  a  trace  of  water,  then  ammonia,  and  leaving  a 
residue  of  chloride  of  nickel.  At  a  strong  red  heat,  a  sublimate  of  sal- 
ammoniac  aud  chloride  of  nickel  is  obtained,  and  the  residual  chloride  of 
nickel  is  mixed  with  a  small  quantity  of  metallic  nickel;  if  the  air  has 
access,  oxide  of  nickel  remain.^  behind,  lu  warm  air,  or  in  vacuo  over  oil 
of  vitriol,  the  crystals  soon  crumble  to  a  yellow  powder.  They  dissolve 
in  cold  water  without  decomposition;  out  the  solution,  when  boiled, 
evolves  ammonia  and  deposits  green  flakes  of  hydrated  oxide  free  from 
chlorine.     Insoluble  iu  alcohol.  (Erdmann, /•  pr.  Ohem.  7,  26Gj  U>,  445.) 


3NH». 510      .».      44*00 

Nl ^. ..„       29'5       ....       2&*451 

a..... , 35*4       ...       30-55f 


H.  Row. 

(1) 
42-61 

5719 


Erdmaan. 
(2) 

j25-2 
1303 


3NH*,NiCl   115  9 


100^00 


100^00 


R.  Chloride  op  Nickel  and  Ammonium* — ^ Formed  by  mixing 
aqueous  chloride  of  nickel  with  sal-ammoniac. —*  Green,  imperfectiy 
crystallized.  (Tupputi,)  IT  By  saturating  2  pts.  of  hydrocbloric  acid  with 
nickel-oxide  and  1  pt.  of  the  same  aeid  with  ammonia-^ — concentrating  the 
mixed  solution  by  slow  evaporation,  and  leaving  it  to  itself  in  a  dry 
atmosphere  for  several  days. — large,  beautiful  green  crystals  are  obtained 
belonging  to  the  oblique  prismatic  system. 

L  Hautz. 

V  Ktt*..» 18-0  .,..  617  5-65 

V  2Ni ,.,....,..  69'0  ....  20  30         2005 

K  *C1  .„..,.,,•,*.„ ^ 106'2  ...,  36-44  ,....„.         36-44 

B  12H0 , ,             108-0  ....  37^09  37-86 

P  KH*a,2NiCl^l2A<i. 291-2 

(Hantz,  Ann*  Pharm.  66,  283.)  IT 


100-00 


100  00 


*3r 

J  m  hf  diMttlfiny  i 
of  P^'^- — YeOo«r 
At  alwie^  knlyk  fmiloV  %tmwn  l^nid,  w||ieli,if  timnm* 
whtm  coUy  AAaee  itsdf  ikmo^gli  tli«  w^ict  in  tb«  fam  of  a 
jd^om  pvwder,  and  gndnllr  ^MplrviL  (Gm.)  At  a  kigker  teoptiUmv 
R  ii  cMif«it«d  ittto  m  Uack  auztaue^  of  ttiekel^xido  ftnd  aobhil^  of 
im  a  nMl  atOMspbeie,  it  tmntt  green^  mod  m  < 

Uurik-moB,  limn^»reot,   pennuieai  oywiaiM,  of 

|il7  t*]34  (Kofip),  mod  koamplioiis  wiUi  cmlpbal^  of  nMfMM  urf 

i-    Ike.    (MitsdicfliclL)     JV'  ^i   *:w  **^  u'=l02'  IS;   •:•= 

Pi    f==116M7*;  n:M'=lO0"ia';  ii:<=125  25'.  (Bm>kc^  ^iM 

1l  43S.)    Solo^ie  in  8  or  9  parte  of  cold  water.  (TuppiitL) 


NICKEL  AND   SODIUM. 


885 


I 


I 


Crytialiized  1-^ 

Caleuliiiim,  according  to  Mit8clii?rlich.  Cooper*       Proust.  Watt*,* 

KG 47-2     ....     2P58  ....     20- IS     ....  ..,.  21-^2 

KiO   _ 37-5     ....     1710  ....     17-54     Ih     ....  17  12 

2SO» ..„, 80-0     ....     36-63  ...*     37*90    .,.,  ....  36-35 

6HO  ..,.,_ _.,. 54-0     „..     24-69  ...     24'09     ....     24     ....  24*9G 

KO,SO»  +  NiO,SC>>  +  6Aq,     2187     .  .  10000     ..»  100*00    _  ....     90'95 

C.  FttTORiDE  OP  Nickel  and  Potassium, — Small  granular  crystals 
of  a  palo  apple-green  colour  and  easily  solable  in  water.  (Berzelius.) 


Nickel  and  Sodium. 

A.  NiccoLATE  OP  Soda. — Soda  added  to  solutions  of  nickel-salta 
throws  down  niccolato  of  stjda,  which  giadually  gives  up  all  its  nickel- 
oxide  to  hot  water*  (Berzelius.) — Nickel -oxide  docs  not  dissolve  in 
carbonate  of  eoda  before  tUe  blowpipe. 

B.  A  BwrnW  quantity  of  nickel  oxide  heated  witli  Borax  in  the  outer 
blowpipe -flame,  forms  a  glass  which  is  hyacinth-coloured  while  hot,  and 
pale  yellow  when  cold^  with  a  larger  quantity,  the  glaijs  is  dark  brown 
and  opaque  wliile  hot,  deep  red  and  transparent  when  cold.  The  inner 
flame  colours  the  glass  grey,  the  nickel  being  reduced  and  ditru.sed  thruugh 
it  in  a  state  of  minute  division^  but  afterwards  assuming  a  more  clofitdy 
aggregated  forni,  though  without  fusing.  The  addition  of  nitre  or  any 
other  substance  containing  potash,  change.9  the  brown  colour  of  the  glasa 
obtained  in  the  outer  flame  to  bluisli  or  dark  purple.  (Harkort.) 

IT  Nickel  mixed  with  cobalt  may  be  detected  by  the  blowpipe  as 
follows:  A  smalt  bead  of  borax  atiacliod  to  a  platinum  wire  is  conijde^cly 
saturated  with  the  oxides,  and  then  exposed  for  sometime  to  the  reducing 
flame,  whereby  the  nickel  in  the  bead  is  separated  in  the  metallic  state. 
If  the  wire  bo  then  su,'?pendcd  by  a  thread  or  a  liair  fittached  to  ita 
middloj  the  bead,  if  nickel  is  present,  will  be  attracted  by  the  magnet. 
(Genth,  Ann.  Fhurm.  GO,  208.)  H 

C.  With  Microcosmic  Sallt  uickel-oxtde  exhibits  the  same  chf  raeters; 
but  the  colour  disappears  almost  entirely  as  the  glass  cools,  and  the  inner 
Hame  cxerta  no  reducing  action:  the  addition  of  tin,  however,  reduces  tho 
nickel  after  a  while.  (Berzelius,) 

^  D,  METAPHOSPnATE  OF  NiCKEL-oxiDE  AKD  SoDA, — Prepared  like 
tKe  corresponding  cobalt-salt  (p.  344).^ — Greenish-yellow,  anhydrous 
powder,  insoluble  in  water  and  dilute  acids,  but  aoluble  in  strong  sulphuric 
acid. 


6NiO  ..„„*,. 225*0 

NftO 31-0 

7PO»  , 499-8 

6(NiO,  PO^)  +  NaO,PO*     ...       J55-8 
(Maddrell,  Aim,  Pharm.  61,  56.)  IT 


Maddrt4l. 

29*81  29-79 

4-13  ........  4-06 

G6-06  C6'15 

lOU-DO         lOO-OO 


LVOL*    V. 


♦   Chtm,  Soc.  Q«.  J.  2.  103* 
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NICKEL  AND  CHROMIUM*        ^^^  387 

TyniM,        Anthon.  Dried  in  tht  off**  Anthony 

I  ^TiO  ,      3;'5  „,.  23-81  ...,  25            NiO 37*5     ..*,     17*73  ,,„     18 

WO» 120-0  ,„.  76-19  ...  75            WCF 120'0     ...     5d74  ,...     54 

^ ^ 6H0 54-0     ..,>     25-53  ....     28 

NiO.WCH  ,.     157-5     .  10000      .100             +  6Aq 211*5     ...  10000  ,...  100 

b.  BUufigMate. — Alkaline  bitnngstates  form  with  nickel-salts,  a  pre- 
eipitate^  which,  when  fgnited,  collects  into  a  BonriRwhat  pasty  mass;  and 
ihhf  on  cxposnTe  to  the  air,  hardens,  hecoines  Ir^ht  green,  and  somewhat 
tmuslncent.  The  light  green  jiow tier  which  it  yiehlft,  again  hecomes 
somewhat  doughy  when  soaked  in  water.  At  a  heat  below  rednesfi,  the 
ma0B  iams  brown  and  gives  oW  its  water;  when  strongly  ignited  it  bakes 
together  slightly.  Tire  uuignited  salt  is  insoluble  in  water,  slightly 
i  eolubto  in  oxalic  acid,  perfectly  soluble  in  phosphoric  or  acetic  acid. 

Ignited.  Anthon.  Dried  in  the  air,  Anthon, 

50  ..„o„..,.       37-5     .,  13  51  ....  12  5  NiO  375     , .,     U  96  .        U 

240^0  „.,  86"4&  »„  87-5          2W{y*    ...  240'0     .,.     76*56  ,...     77 
4HQ 36-0    .  ■     1148  .        12 

|NiO/2W03      277-5  ...100*00  .    1000  +4Aq 313*5     ...  lOO'OO     ...  100 

B.  SutPHOTUNOSTATi  OF  NiCKEL.— NiS^WSl — Similar  to  the  cobalt- 
compound. 

»  Nickel  ajtd  Molybdenum. 

A*  MoLYBOATE  OF  NicXEL-oiEiDB.^ — ^Molyhdalc  of  potash  forms  with 
chloride  of  nickel,  a  light  apple-green  preci[iitate  (Richter) — white, accord- 
ing to  Hatchett, — slightly  soluble  in  boiling  water. 

B.  SULPHOMOLYBDATE   OF    NlCKEL. — NiS,MoS', — AnalogOttS    tO    tho 

cobal  t-compound, 

C.  pERStrtPHOMOLYBDATE  OP  NiGKEL. — NiS,  MoS*.'— Black *b?own 
precipitate  retaining  tho  same  colour  when  dry,  Hoiuble  in  excess  of 
sulphomolybdate  of  potassium,  but  separating  out  again  in  the  course  of 
24  hours.  (BorzcliusJ 

Nickel  axd  Vanadium, 

Vanadiatb  OP  NicKEL-oxiDE.— a.  Monovanadiate. — Tho  aqueoua 
solution  yields  on  evaporation  a  deep  yellow,  nun-crystalline  mass,  which 
dissolvt's'in  wator»  but  is  precipitated  from  the  solution  on  the  addition  of 
alcohol  :  the  precipitate  thns  formed  is  yellow. — 6.  Acid. — The  solution 
yields  on  evaporation  pmall,  deep  yellow  crystals,  Boluhlo  in  water,  but 
precipitated  again  from  the  solution  hy  alcohol.  The  solution  in 
ammonia  does  not  exhibit  any  blue  colour.  (Bcrzelius.) 


NlCEEL  AND   COROMItlM. 

CnnoMATE  OF  Nickel  OXIDE.— a.  Monochromate  ? — L  Formed  by 
mixing  tho  sulnti*»n  of  b  with  a  small  quantity  of  fixed  alkali,  or  digest- 
ing it  with  carbonate  of  nirkel  oxide.— Reddish  yellow  powder,  iiisoinble 
in  water,   (Tupputi*)— 2.  Chromate  of  potash  mixed  with  sulphato  of 


i  sni.  r  i:?«  iki^vias  jljueuc  s.  mmm  ■■■  mli^  ■  :  ■  ^C4'  d? ;  f  :  ■= 
If ,  T  — :K^'i*  I  :.-^iar  S\  c&emnfe  fwmlM  to  k  aad  (. 
^««eiDr  fsrxj  iniiL  *  -><fi^  »  ^H«2.  &«K»-Tdl»v,  riMCTlut  ligkter 
7-*t^«M  s  MKK  yi^^u,  (fin ilhiipt,  i><sy,  33, 631.) 
&  ^^Hf.  JB  rrra  ^  umsmw  mmL  uid  likeviK 
AoiLTztaff  ftOL  X  &  Kz-iotr  tJ-iuu  «f  air  plaiv  orcr  it  Before  tk 
iiM>v7ia«  la  narr'u^  n  fi»»  vi:^  ii'unMi  ha£xj^  aad  emita  armicil 
fnrnKfia?  rjft£crc^.  n  rkii&s  a  Uar  ^ks  vhh  Wotmx.  (Pbttaery  A99. 

4X  —      ii:"     —     €rM      —      *;-t5 

C* -  .  •« 

Ft — -  —  t«fle 

Ci  ..- - —  —        •-a* 

iA» rj     -    »«      —      39n 

S  ^  ■      - ..-. -- 0-Cl 

>VA5 i«     -   itMi      —      99-u 

r.  T'^Mrpf^ilf, — r»7v<afftanf  roUfHpcuiL — Foond  on  taking  dovi 

a  vor=-oiit  Kae^-c^uoor  foreace.     Hoie  larelj  found  in  cobait-<pei»  in 

A^K  fzoB  tlie  cks»-pc4«.     Appears  to  be  prodaced  by  long-cotttinoed 

%  of  copper^nickel  coBtaiacd  in  eobalt-^ict.  (W5liler.) — CirHalUie 

.  the  square  prifmatic.     /V-  ^^  "id  95;  p  :  esl22**  10*;  e  :  r  s 

'  tif^=ny  39';  e  :€  =  ia5»  17';  c  :€'=145«5'.     Ckaragt 

Pn0lu«  nercB.  (O.  Bm,  Pciy.  28^  434.)    Uaf 


ARSENIDE  OP  NICKEL, 

a  strODg  lustre  and  a  light  prncbbeck-colourj  lees  red  tban  copper-nickeL 
Not  magnetic.     (Wi>hler,  Fogg,  25,  302.) 


Cr^tiallized. 

3Ni,..., 

Ai 

Mn,Fe,Ca  _,.„,.. 
S 

Ni»,  Ar 


Cobaii  gpeiu* 
885       ....       54-13 
75*0       ....       4  5 '87 


163*5 


100  00 


KNot 

V         d  Di-nrmilde, — Copper-niclel. —^Q\%h\%  fjix-aidetl  pyramicl.   (Glocker, 

"^  J,  p}\  Chan,  12,  182.)     Crystallitie  gystem  the  right  priamatic;    Fig,  48, 

without  the  p-face,  and  without  the  truncation  between  u  and  «;  t  :  i= 

•  60°  16';  i  :  rt=133'  25\  (Breitbaupt,  .bVAw'.  68,  445.)  Sp.  gr.  from  7*5 
to  765,  Harder  than  apatite ;  emits  an  argenical  odour  when  struck 
with  steel  Fracture  concboidal.  Colour  copper-red;  powder  brownish- 
black.  N  on -magnetic.  When  heated  in  a  glafls  tube,  it  fuses  just  ^v-ben 
the  ^la^s  begins  to  soften,  giving  off  arsenioua  acid  but  no  free  areenic. 
On  charcoal  before  the  blowpipe,  it  emits  a  strong  arsenical  fume,  and 
fuses  into  a  Bilvcr-white,  brittle  button.  When  roasted  in  the  air,  it  leaves 
a  yellow-erreen  residue,  which,  when  fused  upon  charcoal  with  carbouuto 
of  eeda  and  a  little  borax,  yields  a  tolerably  ductile,  magnetic  button  of 
metal.  (Berzelius.)  When  heated  to  whiteness  for  an  hour,  it  loses  from 
12  to  15  per  cent,  in  wciglit,  but  withont  alteration  of  appearance,  (Her- 
thier,}  Enclosed  in  a  charcoal  crucible,  and  heated  for  half  an  hour  in 
the  blagt -furnace,  it  gives  oil'  4  per  cent,  of  arsenic.  (Wohler.) — Dis- 
solve.*? in  nitric  acid  with  eepamtion  of  arsenious  acid,  more  readily  in 
aqua-regia. 


Stromeyer. 

Suckow, 

♦        Schnabel.f 

At, 

Copper-nickel. 

Riec1iel«brf, 

Wcatplialia. 

^ 2 

...     59     .,.     44-03 

44-2i 

... 

45*76 

,.       45-37 

1::: 



0'34 
0-32 

'  • 

270 

Cu         M4 

8b , 

Ae 1 

..,     75     .».     5507 

54-73 

53-69 

....       52-71 

8  

0-40 

„,. 

015 

0'48 

N?,Aa 

134     ...  100-00 

.,..       100-00 
Berthier, 

102-30 

...     100*00 

B«rthier, 

At. 

Copper-nickeL 

AUcJiiont, 

At, 

Copper^ 

nickel         D«l«n.  . 

Ni  ....  24     ... 

708     ....     42*e0      .. 

an^gi 

6     . 

...     177  .. 

38  82  ....  33-67 

Co  ... 

.... 

0-16 

Pc 

ScM 

a    trace 

...     1-43 

Sb„.     1     .., 

129     ....       776     .... 

8-00 

I     , 

...     129  .. 

28-29  ...  28-37 

A>....  11     ... 

825     ...     49G4     ... 

48*80 

2     . 

...     150  ... 

32-8!*  ..  33-67 

8    

2-00 

• 

... 

...     2-86 

1662 


lOO'OO 


98-90 


456  ....lOO'OO       100-00 


In  the  varietieB  examined  by  Berthier,  part  of  the  aTsenic  ia  replaced  by 
antimony ;  he  supposes  that  the  sulpbur  is  in  the  utate  of  sulphide  of 
antimony. 

'        «.  MofW-arsenide.-^Arsmical  Nickel  or  White  Nitkel-pyrit€s{W€iU' 
nickeihiei)  of  mineralogists.     Cubes  with  the  faces  of  the  uetohedron  and 

*  Verwiitcrang  in  MioerBlreirh,  L,  Heft,  p*  68, 
t  Buminelsberg's  Hartdw.,  4  Supjil.  |i.  122, 
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dodotuiliedioii;  or  a  fine-gramed  niaas.  (Booth,  Sill,  Am,  J.  29^  241;  abo 
Fo(;^,  32,  295.)  Sp.  gr,  6-735.  (Rammelsberg.)  Harder  iluui  apatite; 
brittle;  tin-white.  Before  the  blowpipo  it  bchayea  like  copper-nickel, 
but  when  heated  m  a  glass  tube  closed  at  one  end,  it  yields  a  sublimate 
of  arsenic  and  a  copper-coloured  resiiluo  of  arsonide  of  uickoL  (Bcrzelius.) 


Rammels- 

RatDsidt- 

berg.            Booth, 

HofmaiiQ. 

b«f.* 

At, 

lUecliiilsdarf. 

Schueebef^. 

AJlnmiL 

Ni., 

1  » 

..    23-5    . 

.,    28-23     . 

„,     28-95     .„     2074     . 

...     28*14     ., 

,     18-71 

Ca.„ 

.«               . 

,. 

...       3-37 

Fe.. 

•  •»•             it 

M                                      1 

tit                                       • 

.„     trace    ....      5*25    . 

t< 

.      «  8t  2 

Co.. 

«.«*■             *< 

•  « 

,,,                                       . 

,„                ,^,,                , 

1      050 

i 

Bi», 

■«■*■             ti 

M                                   » 

tK 

«                 t«  i                 i 

...      2  19 

1 

M. 

«,..      1       M 

..    75*0    . 

.    7177    . 

L    70-64    ..;.    72-64    . 

,..     7130     ,. 

.    71-U  1 

s  .. 

,..,, 

.. 

» 

*» 

...      014     . 

.      2  29" 

104^5     . 

..  100*00    ,.,.     99'&9     ....  lOO'OO    , 

...  10227     ,. 

,     98-93 
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B,  Arsenttb  op  Nickel-oxtde,  or  Nickel- a ESHNTTB.^Formod  by 
mixing   arsenite  of   potash  with   a  diaaolved  nickel-salt — Apple-greeo 
powder,  which,  when  ignited  in  a  glass  tube,  givea  ofl*  water  and  arseaioui 
acid,  hut  not  all  that  it  contains,  becoming  first  blackish^  then  olive- 
(light  green,  according  to  Berzelius)*     On  igniting  the  salt  in  a  plal 
crucible,  the  areenioua  acid  quickly  volatilizes,  and  pure   nickel 
remains  behind. — Insoluble  in  water^   but  easily  soluble   in  am: 
(Proust) 


senioM       i 


C.  Arbeniate  op  Nickel-oxide,  or  Nickel-arseniate.^ — Tirbimt 

Double  tlecomposition  yields  an  apple-green  jiowder,  or  appIe*grecD 
crystalline  grains  having  a  metatlic  taste, — Arseniate  of  nickcl-4jxi*lo 
heated  not  in  contact  with  carbonaceous  matter,  gives  off  nothing  hut 
water,  becoming  at  first  hjracinth-coloured  and  transf»arent,  and  assumiug 
a  light  yellow  colour  when  igultedj  at  higher  temperatures,  it  exhibits  no 
further  alteration,  unless  it  comas  in  contact  with  combustible  matter* 
(Proust \  WLon  heated  witli  sulphur,  it  gives  off  sulphurous  acid»  and 
first  yellow,  tlieu  red  sulphide  of  ar-senio,  and  leaves  f^ulphide  of  nickcL 
(Dbbereiner.)  Gives  up  its  acid  to  fused  hydrate  of  potash. — Insoluble 
in  water,  soluble  in  arsenic  acid,  and  in  the  strijnger  minexal  aeiikt 
Easily  soluble  in  aqueous  ammonia*  Potash  added  to  the  ammoaiaaJ 
solution  precipitates  niccolate  of  poti^h  free  from  arsenic^  unleai  fiBrrie 
oxide  ixS  prei<ent,  in  which  ca,se  the  precipitate  likewise  contiins  arseoiio 
acid.  (Berzclius,)  On  dissolving  it  in  an  acid  cobalt-salt,  and  adding  a 
small  quantity  of  potai*h,  arseniate  of  cobalt-oxide  is  precipitated, 

Nickd^chre  or  N ickel-hloom  is  also  a  trisarseniate  of  nickels: 
It  is  produced   by  oxidation  of  arsenide  and  sulpharseniate  of  uicfci 


ick^H 


hich  takes  place  more  ouiclily  than  with  the  corresponding  cobalt -ei 
The  most  oxidable  of  all  is  Iho  white  nickel- pyrites,  which  quickly 
tarnishes  and  blackens  when  immersed  in  aerated  water^  and  after  a  few 
months  exhibits  apple-green  spots  on  its  projecting  |>oints;  next  io  order 
of  oxidability  is  copper-nickelt  and  lastly  nickel-glance.  Togodlier  with 
iucke)-i>cbre^  which  is  never  crystalline,  this  weathering  proem  wwiotlBK* 
ftjoducos  crysUiUine  needJes  consisting  of  sulpluite  uf  nickeKoaudiB  uA 
sulphate  of  lime.     The  green  coating  with  which  the  three  ores  ibote 
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mentioned  beedme  covered  by  exposure  to  damp  air*  contains  nickel-oclxre 

Iini^xed  with  arsenious  acid  :   in  the  mines,  the  arsenious  acid  is  dissolved 
out    by  water.    (Karsten,    Po^jg.    60,    267.)  —  Niekel-ochre   is   massive, 
earthy,  friable,   ajiple-green,   and  greenisli-white.     When  ignited  in   a 
fetort,  it  gives  oiT  water,  which  sometimes  reddens  litmus  from  admixture 
of  sulphuric  acid;  la  the  latter  case,  it  often  likewise  yields  a  sublimate 
|i  of  arsenioua  acid;  the  residue  is  yellow.  (Karsten.)     Heated  on  charcoal 
■before  the  blowpipe,  it  ^ivet*  off  a  strong  fume  of  arsenic,  and  fuses  in  tlie 
Bfnner  flame  to  a  metallic  button  containing  arsenic.     Water  extracts  from 
Bft  traces  of  siilphnrio  acid,   frequently  also  of  the  sulphates  of  nickel- 
oxide,  cobalt-oxide,  and  lime,  (Karsten.)     Disjsolvea  readily  in  hydro- 
cUaric  or  nitric  acid« 

Strotneyer,    Berthier. 

At.  a*  6.  r.  if.  «, 

"NiO  3  ....  112^5  ....  37-561         ,, ...  i36*a  ...  36*20  .„,  35'0O  ....  36-10 

CoO .„.  ;  —  **'  ^^    —  \  2-5  ...     1-53  ....  ....    tnG« 

Fe^O^ ....  ....  ,...     M3    ....  ....    trace  ...     221  ..„     MO 

AsO» 1  ....  115-0  ....  38"40     ....  36'97    ....    36-8  ..«  38^30  ....  38*90  ....  37"21 

JIO   .......  %  ..„     72*0  .,.,  24  04    ....  24-32   ....    24*5  ...  23*91  .*..  24*02     ..  23*92 

AaOa, ....  ..., ...    0-52 

SO* ....     0*23   .... 

CaO.SO*  ....  ,„.  „..  ,.„  .,..  tnu»e  ..«  ....  trice 
C<jO,SO»        ....  ....  ....  ....    trace  

^^+8'Aq^}  ....   299-5  ....lOQ-OO     ...J 00  00  ....  1000  ....  99*94  ,..,100*13  ....  98'85 

Wit,  From  Rieclieladorf, — h.  from  Allemont.^-c.  from  a  mine  near  Schaeo- 
ber^.  Gives  off  slightly  aciduhited  water  when  ignited,  but  no  arsenioua 
acid.^-(/.  From  the  Adam  Maber-Fundf/ruhe,  near  Schneoberg,  Gives 
off  water  containing  a  trace  of  sulphuric  acid. — e.  From  the  Weisser 
Hirsch  miuo,  near  Schneeberg.  Yielda  a  slight  sublimate  of  arsenious 
acid. 

K     B.  Bist7tPHiBE  OF  Nickel  wim  Photo-ab6enit»e  op  NicKBt.— - 

^ickel^lance  or  NtcJcel'ar$eniC'glante, — Octohedrons,  eometimea  with 
the  faces  of  the  pentagonal  dodecahedron  and  cnho-octohcdron.  Cleavage 
parallel  to  the  cube-f^es.  Sp.  gr.  6-0J>7  (G.  Rose);  from  6*238  to  6-331 
(Breithaupt) ;  6*757  (Mohs);  from  6*7  to  C-9  (Horner).  Harder  than  apatite. 
Tin-white  inclining  to  lead-grej;  yields  a  grevish-hlack  powder. — Decre- 
pitates strongly  wht»n  heated  in  a  nosk,  and  when  heated  to  redness  yields 
m  fltrang  snbllmaie  of  fuBOil,  yeliowigh-brown  sulphide  of  arsoaici  white  a 
mMS  Like  copper-ntckel  is  left  behind.  (Berzefiua.)  Dissolvee  in  nitric 
acid,  with  separation  of  sulphur  and  arsenious  acid. 

L  Berz«iiu£.  Dobereiner.  RAmmeliherf.  Horner, 

K>  At.      Niekel^glane€m  ^^°°^  KiunadorC       Huieben.       Schladrmng. 

K   „....-....   2  ....  &9  ....     36-54  ....       29-941  „,  J 31*82     ....     38-42 

K  +  Cii..^        ....         0-92/""     **'     ■■"     I  ....      trace 

K ..      411   ...  n    ...  ....    2 09 

B 1  ....  75    ..      45*18       . ,        45-37     ...    48     „..      48*02     ....    4252 

TZ 8  ....  $2  ...     19-28      ....       19-34     ....     14     ....      20-16     14'22 

Qtiarti    ...        0'9Q     . ..  ,  .  -■       1-87 

ISiU^Ni^^     106  ...,  100-00   .  ..  100-58  ,.„  100  , ./  100-00  ....  99*12 
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Lowe «  SdinabcLt 

*  Sclilndraine.  TniWrticIorf.  MTi^rn, 

N!   „„,.,.. 26-14  *..,  28-75  ...  32-66 

¥t   , „        9-55  ., .          B^m  «..  2  38 

Ai   .» 49-83  »»  46-10  ,,..  4602 

S 1413  „         16*25  .  18-94 

99-65         Z       100-00        r~     100-00 

Of  the  two  varieties  examined  by   Lowe,   that  from  Schladnuni: 
crystallized,  that  from  Prakendorf  was  massiyc;  the  yariety  analyxed  bf | 

Schnahel  was  cryfitallize^]. 

E.  SuLPUARSENiTE  OF  NiCKEL. — 2NiS,ABS*.^ — Black  precipitate,  which 
remains  bJack  on  drying  and  yields  a  black  powder;  when  distilled,  it 
yields  oq>iment  and  leaves  a  residue  of  yellow,  coagulated  sulphide  of 
nickel  (Berzelina,) 

F.  SuLPHARfiENiATE  OP  NicKEt.— 3NiS,AsS*,  and  2NiS,  A8S*.--Botli 
bibasic  and  terbasic  sulpharsoniate  of  sodium  produce  with  dilute  ntcke 
Bftlta,  a  clear,  yellowigb-brown  liquid,  which  gradtially  darkens  and  forn 
a  precipitate;   in  a  concentrated  solution,  the  precipitate  is  formed  imr 
diately.     It  is  daxk  brown  at  first,  but  becomes  black  when  collected  j 
dried;    it  is  not  decomposed  by  bydrocbloric  acid,  hut  dissolves  m 
excess  of  the  aqueous  sodium-Bait,     When  arseriiate  of  nickel-oxide  dil 
solved  in  hydrochloric  acid  is  precipitated  by  hydrosulphato  of  smiDO 
in  6X0668,  the  precipitate  contains  sulpharseniate  of  nickel^  togetlief  w 
sulphide  of  nickel  (Berzelius.) 

Nickel  and  Antimony- 

A.  Antimonibe  of  Nickel. — Di-antimcnide. — 1  port  of  oic 
powder^  heated  witli  2  parts  of  antimony  powder,  produces  a  blaekij 
grey>  metallic  powder,  the  coml/ination  being  attended  with  the  emissi^ 
of  a  red  light  (Gehleu.) — On  fusing  together  1  At.  {59  parts)  of  nick 
with  1  At*  (129  parts)  of  antimony.  Light  and  heat  are  emitted,  and 
magnetic  mass  is  obtained  exactly  resembling  the  following  native  coil 
pound  in  hardness,  lustre,  and  colour,  and  likewise  in  it«  behavionr  wif 
heat  and  with  acids.  (Stromeyer^  Sehw.  60,  25S;  also  Fa^^,  31,  I34») 

Antimonial  Nickel  {AntimojinicM)  or  AntimonnickeUrs)  of  mine 
gists,     Obtuse,  double  six-sided  pyramid,  /'i'*;.  131 ;  len€/tk  of  th€ 
cipal  axe»  ;  length  of  tht  $f  con  dan/  ajces  ^1*3.       Sp*  gr,  7 '54 1   (Br 
tlmupl,  Pf^ffg.  51 »  512).     Six-sided  tables;  fracture  uneven;  harder 
fluorspar;  the  recent  fracture  exhibit*  a  light  copper- colour  with  a  till 
of  violet;  powder  red-brown.     Not  magnetic.     When  ignitiKl  in  a f*' 
tube,  it  yields  a  small  sublimate  of  antimony.     On  charcoal  it  fortn 
antimonial  deposit,  and  cannot  l»o  fused  excepting  in   very  small  ]^ 
But  little  attacked  by  simple  acids;  dissolves  easily — and  oompletcly  I 
no  galena  is  mixed  with  it — in  aqua-regia.  (Stromeyer  it  Hausmann.) 


•  JahreM&,  L.  ft  K.   1847-8,   1155, 
t  Uid.  „  1849,  720. 
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Stromeypr. 

Aniimonial  NkktL 

AfldrcRBberg. 

69       ».,       31-38 

30-93 

,.,,                        , 

0-89 

129       ...       68-62 

6B-18 

lOO'OO 


lOO'OO 


B*  Antimojciate  of   Nickel-oxide*— Oreeniah- will tej  insoluble  in 
Lraier*  (Berzelius.) 

C.  Bisulphide  op  Nickel  with  Antimonide  of  Nickel. — Nickel- 

V/crotts  grey  A  fithnonift  Ilartmanniie  (Nkkdttpeusglanzerz  or  NkJctlanti* 

f  nonglam). — Regular  octohedrona  with  the  faces  of  tlio  cube  and  rhnmbic 

lodecaliedrou.     Clcavngo    parallel   to    the   cuhe-faces.     Specific   gmvifcy 

J'45 ;  harder  tlran  fluorepar.     Frajcture  fi ne-g mi rieci.     Colour  lead-grey 

iclining    to    steel-grey;    powder    greyish -black.       Before    the    blow- 

rpipe   on  charcoal »  it  emits  a  strong-  nntunonial  fume,  to^^^other  with  sul- 

[vhurouH  acid^  and  sometime?  with  a  very  slight  arsenical  fume,  anil  fuses 

ito  a  metallic  globule^  which  remaius  brittle  aud  fusible  cveu  after  long 

blowing;  aud  if  fused  with  carbonate  of  soda^  does  not  sink  into  the  ehi*r- 

>al,  but  forms  a  black  bend  containing  sulpliide  of  eodium.  {BerzcUug.) 

The  mineral  dissolves  in  nitric  acid  with  separation  of  antiraonic  nitrate, 

and  io  aqua  regia  with  separation  of  sulphur. 


SNi 

ISb. 

Ai 

^2S 


NicktUferQUM  yrey  Aniimony* 

59     ,..     26-82       ... 

...........     129     „.,     58-64       ... 


32 


14-54 


H.  Rose. 

Luidikrone. 
2  7 '36 
53-76 

15 -98 


Jolm. 

S*jii-Alteiikirtli«n. 

....       23-33        „„ 

..       61*68       .... 

Z       14-16       "1 


Klaprotb. 

25-25 
47-75 
11-73 
15-25 


«i8b,NiS* 


220 


100-00 


09-10 


99-17 
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^■Iii  the  ore  examined  by  Klaprotb,  part  of  the  antimony  is  replaced  by 
^Vftrsenicj  whereby  a  transform  at  ion  into  the  isoniorphous  rainoral,  Nkktl* 


pD*  ScLPHANTtBioNiATB  OF  NicKEL. — 3NiS,SbS^ — Precipitated  on 
^mting  an  aqueous  nickel-salt  in  any  proportion  whatever,  with  Schlippe's 
6alt. — Black;  oxidates  in  the  air;  decomposed  by  heated  hydrochloric 
acid.  (Rammelsberg,  Pogg,  52,  236.) 


I      A*  Tellurite  of  NicKEL-oxiDE.^Formed  by  double  decomposition. 
Very  pale  greenish- white  flakes* 


Nickel  and  Tellurium. 


B*  Tellurite  op  Nickel*oxiue.  Exactly  similar,  (Berzclius.) 
C.  .SuLPHOTELLrRiTE  OP  NiCKEL.'^BIack  precipitate.  (BerzeUu«.) 

Nickel  and  Bibmutc. 

A.  BiSMUTM-NiCKEL* — Brittle,  !araiua.r  alloy.  (CronBtedt.) 


B.    Sulphide  of   Bismuth   and  Nickel. — ^kkel-hUmutk'glance, — 
Octoliedrous  and  cubo  octoliedrons,  with  cleavage- planes  parallel  to  the 
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octohedral  faces.    Harder  than  apatite.     Colour  etcel-grey,  lacliiunjj 
silver- white;  powder  grey.     Fuses  readily  before  tlie  blowpipe,  emit 
an  odour  of  ealpbiiroii8  acid,  and  under  the  action  of  a  long-cootinl 
blast;  covers  the  charcoal  with  a  jcllowish  deposit,  and  yields  a  stron 
magnetic  grey  head,  hrouzo-yellow  on  the  fractured  surface.    With  I 
or  mjcrocosmic  salt,  it  yields  a  brown  glass  in  tho  outer  flame.    Dia 
Readily  in  strong  eulpWio  acid,  with  separation  of  snlphur;  g^res 

Sulphuretted  hydrogen  when  treated  with  hot  bydrochloric  aoid;  not 

*deeomposed  by  caustic  potash. 

NickelMimuth-gtance,  from  Sayn-AUeoklrchen  (KoboU.) 


Fe 

3^48 

\jO    •t«tt„f««uft»* 

0-28 

Ni  ............. 

.«M«MtuH      40*65 

Ctt „. 

1-68 

Pb 

...........         1-58 

JjI    f>»i...«i*t»t«i« 

«       Ull 

S 

38*46 

iao-24 


Nickel  akb  Zino. 


Nickel- Zinc. — 1  part  of  nickel  powder  unites  with  2  parti  af  iit 
foil,  emitting  a  red  light,  and  forming  a  hhickish- violet  powder  n 
brittle  metallic  globules.  (Gehlen.)  The  combioatioa  is  attended  w 
combustion  and  explosion.  (Gersdorff,  Pogff,  S,  103,) 

B.  Sulphate  of  Nickel-oxide  and  Zinc-oxide. — Zbc  dJMoU 

with  evolution  of  hydrogen,  in  aqueous  nickel-sulphate  coatalning 
of  acid.     The  f'okitiou  yields  pale  green  crystals  resembling  the  r* 

cr3r8tab  of  nickei-aulphate;  tbey  have  a  sliaipj  astringent,  and  

^ta^te,  eiMoreace  with  eu&e  to  a  white  powder,  and  diiksolve  in  3  or  4  ] 
of  cold  water.  (Tupputi.) 


Nickel  and  Tfn. 

NiCKEL-TlN.-^Whlte,  hard,  brittle  alloy. 

Nickel  and  Lead. 

A.  NiCTTFx-LnAD. — The  two  mctala  may,  with  dome  diffifnltrj 
made  to  unite  aud  form  a  gi'cy,  slightly  lustrous,  laminar  and  *" 
alloy.  (Cronstodt,  Tupputi.) 

B.  Plcmbite  of  Nickel-oxide.— Analogous  to  aicoolate  of  i 


Nickel  and  Iron« 

Alloys  of  Nickel  and  iBON.^-ConibiiiatioQ  takos  place  wttb  i 
o.   3   parts   Nickel  to   2   Iron:    Gr^y,   modoratelv  hard,   petim 
tnalkable  alloy^  whose  toa^ctic  power  U  to  that  or  iron  as  dS;J 
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h,  1  pi.  Niokel  to  10  Iron:  Grejish-white  inclining  to  yellow,  less 
ntUeable,  and  less  inclined  to  rnst  tban  pare  iron.     Sp.  gr.  7'849. 

e.  1  pt.  Nickel  to  33  Iron :  Somewhat  whiter  than  iron,  and  less 
inolined  to  rnst,  but  equally  maUeable.  Sp.  gr.  7*804.  (Faraday  & 
Jtoddart,  OUh.  66,  289.) 

Meteoric  Iron  also  is  principally  an  alloy  of  iron  and  nickel.  The 
Following  are  analyses  of  various  specimens: 

a.  b,  c.  d,  e,  /.             ff,            h, 

Mg ....  ....  •       ....  005  ....  ....             ....             ....    0-28 

Cr 3-24 

Mn. ..„  ....  02  ....  0-13  ....  ....                             ....    trace 

Fe 66-56  ....  85*61  ....  61-8  ....  88-04  ....  90'02  ....  90-24  ....  8978  ....  88-23 

Co ....  0-89  ....  1-0  ....  0-46  ....  ....  0-67  ....  0-76 

Ni 24-7i  ....  12'28  ....  11-9  ....  10-73  ....  9*68  ....  9-76  ....  889) 

S::::::::      ::::      :::;     ::::}  *^»' ::::      ::::      ;:::     h  '"'' 

C   ....             0-04 

B    4-00  ....  ....    5-1  ....  trace  ....             ....             ....             ....    trace 

a 1-48 

huoh.,.,  ....             0-48  ....             ....             ....             ....    2-21 

99-99  ....  98-78  ....1000  ....10000  ....  99*70  ....lOO'OO  ....  99*34  ....10000 

a.  From  Clairbome,  in  Alabama.  (Jackson.) 

6.  From  Cap;  sp.  gr,  7-665.  (Wehrle.) 

c.  From  Bittburg  (Stromeyer);  had  been  previously  fused  at  the 
foige.  Fragments  of  the  unfused  mass  have,  according  to  Steininger,  a 
density  of  6' 14. 

cL  The  Pallas  meteoric  iron  from  Siberia  (Berzelius).  The  word 
InocL  denotes  the  portion  insoluble  in  hydrochloric  acid,  uie  analysis  of 
wbioh  is  given  below. 

e.  From  Louisiana.  (Shepard.) 

/.  From  Potosi.  (Morren.) 

g.  Fr(Hn  Hraschina  near  Agram;  sp.  gr.  7*78.  (Wehrle.") 

A.  Metallic  mass  ^^  des  vtrwun&chten  Burggm^en'^  in  Elbogen.  (Ber- 
lelius.) 


1. 

t. 

/. 

m. 

». 

0. 

1>.                  jT,  o. 

y,ft 

MgO 

....    2-10  .... 

20 

Cr..- 

... 

.. 

0-50 

Pe  ... 

8912  ... 

.  91-23.. 

.  93-57.. 

.. 

..  93-78  .. 

..  88-36  . 

...  96-75  ....  87-35  .... 

91-5 

Co.... 

0-66  ... 

..    0-53.. 

..     0-21  .. 

..   trace 

Ni«.. 

826  .^ 

.    8-21.. 

..    6-62.. 

..4-61.. 

..    3-81  .. 

..    4-80  . 

...    3-25  ....    2-50  .... 

1-5 

Cn.... 

trace 

Sn.... 

C  ... 

s  .... 

... 

..            .. 

,,       ,, 

..             .. 

..    6-83  . 

1-86  ^. 

1-0 

Jmo/. 

... 

.    0-28.. 

.. 

..     2-20.. 

SiO«  6-30  .... 

30 

- 

9804  ... 

.  99-72.. 

.100-72 

10000  .. 

..  99-99 

...100-00  ....100-60  .... 

990 

♦.  From  Lenarto;  sp.  gr.  7*798,  (Wehrle.) 
h.  From  Tokavito  in  Columbia.  (Boussingault.) 
I,  From  Atacama.  (Turner.^ 

i».  From  the  eastern  shore  of  the  Great  Fish  River.  (Herschel.) 
n.  From  Bohumilitz  in  BobenUa;  InMoh  denotes  tbo  portion  insoluble 
in  nitric  acid. 
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o,  MetaLlic  particles  cxtTactcd  bj  the  nui^ot  from  tbe  meteoric  ra 
from  Macedonia,  contamitig  magnetic  pyrites  together  wilii  Dickd-iroii. 

7>,  From  Durango  in  Mexico.   (Klaproth.) 

q.  From  Brabiii  in  Poland,     et.  Bluish  variety;  0.  white.   (lAQgiif*) 

The  specimens  of  meteoric  iron  from  Cap,  Agram,  Bttthurg^  L«Duto> 
Gotha,  and  Elhogen,  and  likewise  those  from  Brazil^  Bnenoe  kytm^ 
Lousianaj  and  Siberia,  contain  from  0*1  to  0-2  per  cent*  of  copi^^. 
(Strom  eye  r-) 

Composition  of  the  residues  insoluble  in  acids: 


Mf 9-6S 

Ni 18-33 

Fe *.,  48-67 

Cu  and  Sn„,.„.»,M.».*  trace 

Si   .......,„ , „ 

P 18-47 

Candloit     ,  4*87 


1417 


U'Ol 
65-9» 

2-04 

14-02 

1-42 


100-00 


100  00 


98-48 


f7.  The  residue  left  on  dissolving  the  Pallas  iron  ft-om  Siberia  in  dihte 
hydrochloric  acid. — 6,  The  same  from  the  Elbogen  iron.-^.  When  tU 
meteoric  iron  from  Bohumilitz  is  dissolved  in  dilute  nitric  acid,  as  iaioti- 
ble  residue  is  left,  amounting  to  between  2  20  and  2'26  perceolpl 
consists  of  about  equal  part^  of  wbitc^  metabshintng  scales,  who^  eoB* 
position  IS  given  under  <?,  and  a  wirbonaceons  snbstaoce,  after  the  oo»- 
bustion  of  which  there  remains  a  small  quantity  of  basic  pho^pliBleif 
ferric  oxide,  together  with  nickel-oxide,  silica,  ana  a  trace  of  ehromo-troa- 
ore.  These  insoluble  phosphorus-compounds  appear  to  be  the  caoaeof 
the  crystalline  figures  ( Wiedmanstadfs  Ji^uTt$)  which  are  iterckflni 
when  a  bright  surface  of  meteoric  iron  is  etched  with  acidfl^  (BeneUoa) 

For  other  analyses  of  meteoric  iron,  vid.  Jahrtiber,  L,  ie  K,;  1M7-)^ 
p.  1208;  1840,  p.  827. 

B.  and  C.  Kiccolate  op  FEBno08  Oxide,  and  Feraitb  op  Xicmr 

Oxide. — Analogous  to  niccolato  of  magnesia. 

D.  Carbide  of  Nickel  and  Iron, — 1  part  of  nickel  form*  ir:!. 
8  or  10  parts  of  steel,  a  damask-figured  alloy,  which  has  a  dm*iu  <4 
7*68 4,  and  rusts  much  more  quickly  than  pure  steel.  (FanMhr  4 
Stoddart.)  1^1  \  J 

F,  SuLPHii>B  OF  Nickel  and  Ihon. — Iron-fikifi  Pyriiet  {Ewm- 
nick^lkies). — Crystalline  masses,  with  cleavage  planes  parallel  to  Im  f 
of  a  regular  ociolicdron.  Sp.  gr.  4 "6.  Hardness  equal  to  that  of  i 
netic-py rites.  Colour  light  bronze-brown;  lustre  faintly  en ctalflc  Ni 
magnetic.  The  pulverized  ore  was  freed  from  magnetic-pjrilei  hy  tte 
magnet,  previous  to  analysis;  it  is  likewise  mixed  With  copper *pyrile%-* 
hence  the  copi»er.  (Th.  Schcerer,  Fo^^.  58,  315,)  ~ 


Iron 

-niekti  pyriUi, 

2Fe...... 

&G0 

41-95 

1021 

INi , 

29-5 

2210 

VI  117 

Cu  ..„.. 

.,«♦, 

s 

33   .,...„ 

480 

83'S>5 

■'      i 

2FeS,NiS  ... 

1^*3*5 

.„.       lOO'OO 

W'?0 
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F.  Sulphate  op  Nickkl-oxibe  axd  Perrous  OxiDE.^Form8  with 
water,  green  rliombic  crystals,  which  cnnnhle  to  a  yellow  powder  when 
exposed  to  tUe  air.  (Link,  Cvell  Ann.  lim^  I,  31,) 

Nickel  and  Cobalt, 
Nickel-cobalt* — The  two  metals  easily  fuse  together. 

Otber  Cumpoui^ds  of  Nickel. 
With  Copper,  Mercury,  Silver,  Gold,  Platinum,  aad  Palladium, 
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Proust  on  Copper.  Ann.  Chim.  32,  2G;  also  Crell  Ann.  1800;  I,  39. — 
/.  Plit/s.  51,  173;  also  Schtr,  J,  S,  290.^=^.  F/i^s,  53,  S^;  also 
Scher,  J.  9,  SHS;  also  Gilk  25,  IQ^.—J.  Phyi.  50,  393;  al^u  A.  Gthl. 
0,  552,— x/.  Phys.  70,  126. 

Karsten.     St/de7fi  dtr  MttaUurgiej  5,  231;  also  Scktv.  G6,  255. 

Kane.     Ammouiacal  compounds  of  Copper.     A^in.  Chim.  Fhgi^,  72,  265. 


P  History. — Known  from  the  earliest  times;  the  name  la  derived  from 
that  of  the  islaud  of  Cyprus.  Many  of  its  compounds  have  been  most 
exactly  investi^^ated  by  Proust. 


Sttnonymes.     Cumr^  Eupfir,  Cuprum,  Ventis. 


Sources. — As  native  copper.  5  Large  masses  of  native  copper  have 
Wen  found  on  the  coast  of  Lake  Superior  in  North  America,  Forrest 
Shepherd  (SilL  Am,  J.  [2],  4»  115)  describes  a  mass  found  on  the  south 
coaat  of  that  lake,  near  tlie  mouth  of  the  river  Elm,  which  was  3^  feet 
long',  2^  feet  broad,  between  7  and  8  inches  thick,  and  weighed  1625 
pounds.  Its  surface  exhibited  specks  of  metal  He  silver,  and  partides  of 
syenite  and  sandstone  were  found  in  its  cavities.  It  appeared  to  havo 
been  transported  from  ii  bed  of  greenstone  situated  eight  or  nine  miles 
to  the  sou  til  ward,  in  which  masses  of  native  copper  are  found,  likewise 
dotted  with  silver.  Another  mass  previously  found  in  the  same  locality 
weighed  2200  pounds.  A  third  mass  weighing  110  pounds  h  niontiouod  by 
CoiJier  (CompL  rend,  28,  161)  as  likewise  coming  from  tlie  shores  of 
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FmU-ore  or  Qrej  C^ffm^  B«n^ 

■y>  Bia^  Copfiv  «»  (0Pi»» 

Pttrplc  Gofiper,  Co^per-fTiim 

r,  &C.;  at  ^rifktpj  alooe  aiul  im  cmiibiii. 

To  tW  UMMort  of  01  lo  0*3  per  etii.  a 

mmM  qiimisiiiTt  mtm^ 

(As9L  4^  IJO),  m  the  fiiilirliito  ««ter;  it  Imb  ljke«M 

(fidL  Lie^ac  Kop|i's«/^i^«lr. 
I.  l#13-^l«18);  ia'HHtjUBiiif  aMwld  twi  oi  pluls  gmwng  tkciii. 
T  GSivPflr  b  ilM  ka  imi  is  ha-vmI  (Msbgiiti;  Duvohir,  mI 
,  X  Amm.  aim.  Mfft.  2S,  129),  m  &ct  wbidk  prartt  ilv  < 
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«r  i%^  Bliriir  ,  iKliifiqt  »»  (^<  ^  a.  lakin^bcr.  h  ^Tlt  m; 
^a»)u  Hiriiliig  lo  WikfcoM  (CWl  miif.  23,  12),  cumr  k  « 
^nMf  Jweiifcalri  i«  Bataio  m  irav  aDdH  quatttiei  of  it  {mnd  Itkrmm 
■II  hfcly  taaA  hi  imn  ovei^  ia  oil  «oiU  mml  MJagrf 
i'wm,wmi9rm  in  mieoric  uw.  (  Ptct  IT.  i5Q.)  f 
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oxide  ooi  eoilkouio  of  coptie  oiiji^ 
t  viifc  a  ao^  oitfav  ii 


of  copper^  cHbcr  put   or  ntuced  with    alL«' 
__  „  lipeKli^  rniioii,  nfciliy  Ike  salphur  and 
m  it  mio  i^iiioliiiwit,  oad  Uke  iioo  oonrofted  into  oxulo*     lo 
wfciA  kXhn  Om  mMiiii'iiia,  t>o  iwi  pMoto  iiilo  tJw  di^ 


fbrv  of  Ibrroo  mBm^  mod  tlw  ooppo^  eoOeels  beneotli  the  ttlw  k 
«Mo  w%bA  k  tMUoOly  csUed  Cbmi  JTii^;  lltio  ntmUVMii 
ghovlioleoflkocopiwn  tfco  lb«  of  dinlpkid%  togotlicr  wilk  wm 


t  of  tho  goipliMiw  of  lead,  ifop,  t 
ooJonalioo  of  IW  ooano  metal.  r<^wed  bj  liuioa  viUi 
ohaiMl,thflioaiooliteiBed:  L  Shg  aminly  fluaiiiiliu^  oT  moaodBerto  if 
tonpas  oxidt;  2.  Coaioo  aiolaV  vlucb,  Vjr  lopealed  toailiag  and  btaon,  ii 
ooHTfirtid  iato  ibf  aad  ya#  Mta/;  9.  At  iJio  boHon:  dark  ubIow^ 
aligtidy  JoctiW  aiHal  ^Ded  Cbam  Cbyyr  or  JfacJritoi(f  I iiir^^^^^^ 


wmd  with  tuM^  tb,  Wad^  iroa»  roaadiniii,  oatindajr^  arooai«^  «dpM^ 
Ibe.,  ooeoidiBf  io  tfco  Mtnro  of  ^  oiou  Tbk  lalierjprQdaot  kparijolw 
wt0md  hr  hmfim  >^  ^<*^  *  tou  tkM  m  a  rialo  rf  mioa  ta  raalirt.  wUk 
ff  wboiobj  the  Ibrakn  molak  aad  llit  oilphir 
Ikm  tlie  mppoTy  aod  imrtlr  rololiliaid^  pM^ 
off^  mtsod  witbVnpiims  oxide,  m  rtfimerf  da^.  If  tiio  ooaiw  9mm 
aitto  ftt?CT  or  gold,  it  k  lobyocied  bo<wa  lofojiig  to  Iho  f  roMiw  oJfa 
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^)  thus  obtained,  ae  well  as  tliat  prepared  by  (I ),  is  taken  out  in  cake« 

iji  proportion  aa  it  solidifiea  in  round  masses  from  top  to  bottom. — Refined 

copper  may,  if  the  refining  process  baa  not  been  continued  long  enough, 

etill  contain  snlplmr  and  foreign  oietals,  or  if  the  action  of  the  air  has  been 

too  long  continued,  it  may  be  intimately  mixed  with  cuprous  oxide  or  a 

Leompound  of  antimonic  oxide  with  cuprous  oxide  {Copper-mica),  which 

Rtnakes  it  dark  red,  crystalline,  and  Ijrittle  in  the  colil:  Dri/  Copper.     To 

free  it  from  these  impurities,  it  is  thoroughly  fused  with  charcoal,  whereby 

it  is  converted  into  ioaghetud  copper  {httmmcrgares  Kupfer).    In  Germany, 

ithe  copper  is  fused  with  charcoal  and  the  fire  urged  with  the  bellows;  if 

the  actiim  goes  on  too  long,  the  cuprous  oxide  first  decomjposed  by  the 

charcoal  is  reproduoed  and  the  copper  becomes  charged  with  it,  or  owr- 

fittfinetL    In  England,  the  copper  is  fused  in  a  re vcrberatory  furnace,  under 

layer  of  charcoal  powder,  and  frequently  stirred  up  with  birch- sterna 

\lpoling)  which  causies  an  escape  of  gas;  if  the  fusion  be  too  long  eon- 

tlinued,  the  copper  takes  up  carbon  and  acquires  a  pale  yellowish-red 

leolour,  at  the  same  time  becoming  tibrons,  and  more  brittle  than  wliea  it 

l^ntains  cuprous  oxide;    this  carbonized  metal  ia  called  over-rafined  or 

ver-poUd  Copper, 

^  A  new  method  of  smelting  copper-orca  has  lately  been  introduced 
by  Rivot  and  Phillipe.  It  coDt^ists  in  completing  the  exti'action  of  tlio 
chopper  by  means  of  metallic  iron,  after  the  greater  part  has  been  separated 
by  the  ordinary  process  of  reduction  with  coal  or  charcoal.     Napier, 

»(Din^L  pd,  J.  27,  293)  had  shown  that  copper  maybe  precipitated  from 
nised  silicates  containing  it^  by  the  action  of  the  electric  current,  th« 
Inineral  being  fused  in  a  black-lead  crucible  connectetl  with  the  fKjsitiye 
pole  of  the  battery,  and  the  negative  pole  being  formed  of  an  iron  plate 
dipping  into  the  fut^ed  mass.  It  was  afterwards  found  by  nunterous 
experiments  made  at  the  Ecole  des  Mines  in  Paris,  that  metallic  iron 
I  alone,  without  the  aid  of  the  battery,  is  capable  of  precipitating  copper 
^hfrom  silicates  in  a  state  of  fusion,  just  as  it  does  from  saline  solutions  at 
^ordinary  temperatures.  In  applying  this  method  to  practice,  hr»wover,  it 
wa«  found  that  the  expenditure  of  iron  would  be  too  lieavy;  hence  the 
modification  above  noticed  was  adopted,  of  only  using  the  iron  to  complete 
the  reduction. — The  proocsa  \a  as  follows:  The  ore  is  pounded,  roasted  in 
the  calcining  furnace,  and  then  heated  till  all  the  sul pirates  are  decom- 
posed; by  this  means  nearly  all  the  sulphur  is  expelled.  The  roa-sted  ore 
is  then  fused  with  lime  and  tion-bituminous  coal.  The  fusion,  which  must 
be  quickly  conducted,  yields  two  piroducts,  viz.,  reduced  ccjpper  at  the 
^bottom,  and  a  fused  mass  of  slag  or  silicate  (called  the  bath)  fioatiug  on 
f  the  topj  this  contains  the  remainder  of  the  copper,  naually  from  2  tg 
2^  pt5.  in  a  thousand  (I  in  a  hundred).  Thin  residual  portion  of  copper 
is  precipitated  by  the  immersion  of  iron  bars  into  the  melted  slag:  the 
reduction  oecupics  from  3  to  4  hours  for  a  charge  of  5  ctr.  The  slag,  after 
this  treatment,  still  retains  from  0005  to  OOOtJo  copper;  the  copper 
yietded  by  it  is  also  contaminated  with  0*004  iron  and  sulphur,  and  still 
requires  refining.  The  estimated  saving  by  this  process,  as  compared 
with  the  ordinary  method  under  given  circumstances,  is  about  17  per 
cent.  {L,  d:  A\  Jahre^b.  1,  1021.) 

[For  other  improvements  in  the  smelting  of  copper,  vld,  Chem.  Gai, 
^  1848,  41)  1;  1149,  47  and  413.  For  analyses  of  copper-slags,  viU.  Field, 
m\Chrm.  Soc,  Q.  J.  2,  220).]  t 

™^        3.  From  water  contamiug  sulphate  of  copper,  the  copper  is  precipi- 
tated by  metallic  iron  {Cmient-kup/er),     This  process  is  applied  to  the 
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deprive  it  of  the  lirittkness  produced  hy  boating.  Copper  contaminated 
with  other  metfils  exhihita,  not  an  indented,  but  a  scaly,  granular  fracture 
with  but  littlo  lustre,  and  after  liamniering^  a  i>c;ily,  dingy-red  fracture, 
also  with  but  feeble  lustre.  (Kar^sten,)  For  the  cflVrt  of  particular  impu- 
rities, tnd.  Copper  and  Carbon;  Cii.  and  Potassiuni;  Cu*  and  Arsenic; 
Cu,  and  Antimony;  Cu,  and  Bismatb;  Cu.  and  Zinc;  Cu.  and  Tin;  Cu. 
and  Lead;  Cu.  and  Iron.  Sp,  gr.  of  native  ery»tallizcd  eoppor,  8*94;  of 
copj>er  precipitated  by  the  electrotype  process,  H  J>14;  of  pure  copper  after 
fusion,  8021;  of  unignited  copper  wire,  from  8"Q30  to  tS"D40;  of  ignited 
wirOj  8*930;  of  iJattened  wire,  8*0«3l;  of  copper  plate  formed  by  rolling 
uud  afterwards  hammered,  8^9 j2,  &c.,  &c»  (Alarcbaud  and  Scheerer, 
J,  pr.  Ckem,  27,  1113.}^ — Since  copper  in  fusing  takes  up  oxygen  from  the 
air,  which  it  afterwards  gives  oil'  on  solidifying,  it  genemlly  contains  air- 
eavitiod  witbin  its  suhstancCj  which  diminish  it^  specific  gmvity;  and  as 
these  cavitiei!  are  diminished  ia  size  by  the  subsequent  hammering, 
rolling,  or  wire-drawing,  the  specific  gravity  of  the  copper  is  thereby 
increased.  As  this  circumstance  was  formerly  not  sufficiently  atli?ndod 
to,  it  was  supposed  that  copper  increased  considerably  in  density  by 
working  {vid.  infra).  But  copper  fused  under  common  salt,  which 
2Jre vents  the  absorption  uf  oxygen  from  the  air,  has  a  density  of  H"£)21, 
which^by  a  pressure  of  30D,00utbs,  in  the  liydraulic  press,  is  increased  only 
to  8%*)30,  an  increase  so  slight,  that  it  is  probably  due,  not  so  much  to  an 
actual  approximation  of  the  atonia  of  the  metal,  as  to  tlie  diminution  of 
hollow    spaces   still    remaining   in    it.    {Scheercr  &    RI  arch  and.) -^Older 

B  •determinations  of  the  specitic  gravity  of  copper:  Fused,  8788;  hauimered 
8fi78  (Drissjn)j  fused,  8*8:i;  hammered,  8*^3  {Berzelius);  fused,  890 
(Herepath);  fu.^ed,  S-KDOO;  after  ignition  and  fusion  wiih  charcoal,  8'y2G; 

I  after  fusion  in  the  air,  8 '0345  (Karstcn).  Copper  is  especially  distin- 
guished by  its  red  colour. 
In  the  tinely-divided  state,  copper  is  a  soft,  dark- rod,  dul Mooting 
powder,  which,  if  pressed  together  while  red  hot,  welds  together  into  a 
compact  mass. — Pulverulent  copper  i.^  obtained:  1.  By  reducing  the 
carbonate  at  a  very  gentle  heat  in  an  atnio.spIiere  *»f  hydrogen,  (Osann, 

tPogg.  52,  40G,) — 2.  By  boiling  a  concoDtrated  solution  of  blue  vitriol  not 
CODtainiug  free  acid,  with  distilled  zinc.  As  soon  as  the  liquid  loses  its 
colour,  which  it  does  in  a  short  time,  the  zinc  is  removed,  nnd  the  copper 
powder  well  boiled  with  dilute  sulphuric  acid,  then  washed  unintcrruptetlly 
with  water,  pressed  between  bibulous  paper,  and  dried  at  75  ,  or  in  a 
warm  retort   through   the  tuhulure  of    which   a  stream  of  hydrogen  is 

»piissed.  (Bottger,  Ami.  rkann.  39,  172.) — -3,   By  igniting  a  mixture  of 
5   pts*   dichloride  of  copper,   and   6   dry  carbonate   of  ^oda   with   sal- 
ammoniac,  and   afterwards  exhaustiug   with  water.  (Wohler  ^   Liebig, 
/*o7<;.  21,582.)*— Pulverulent  copper,  alter  being  pressed  together,  may  l;e 
^K welded  in  the  same  manner  as  platinum  by  Wollastoa's  method,  witli  the 
^Eprecaution,  however^  of  saturating   it  with  oil  before  each   ignition,   t^ 
H prevent   the  formation  of  oxide,  (Four net,  Antt.  Chim.  Fh*/i^*  75,  435.) 
"  On  this  welding  property  of  copper,  is  founded  Osann's  method  of  obtain- 
ing impressions  in  copper  by  pressure  and  ignition,  {Po*jg.  52,  401].) 

■  Copper  melts  at  1207^  (Gnyton  Morvcau),  at  1308"  (Danicll)»  more 
ftasily  than  gold,  less  eo-sily  than  silver,  and  iu  tlie  fuscil  state,  exhibits  a 
bluisb-grceu  colour.  It  expand.^  in  solidifying, — On  the  mirror-surface 
of  melted  copper,  a  number  of  dull  stellate  spots  quickly  form  and  dis- 
appear again,  as  long  as  it  continues  in  the  liquid  state-  (Karsten.)— 
-Copper  CODtainiug  red  oxide  fuses  more  readily  than  pure  copper,  but 
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on  te  svHne^  and  prodiioeB  spittiaf  or 
Offsr  {4m  Sffibm  oda-  ^mi9m  dkt  Smffert),  TUs 
i  W  L«H^  aad  aflemids  doiiied  by  CberlUoi  nJ 
*  (^flhv.  59^  IM],  m  esUblMed  Irf  the  foilovinfj^ 
BH  a  &  i^ittB  m  teion  ia  iKe  atr,  mad  then  |ioa 
eiect  wbieh  i?  not  pio 
far  half  an  bour  ander  a  layer  ofl 
Me^  Aa  ^offet  b  brittle  [from  tbe  pi 
^  dMda.  (Laeast,  ^ita.  Okim,  Ph^  n,  401) 
en»  jmimaeA  by  poaria^  wiiter  on  the  8«ite 
aaaare  H  wMifiet  Copper  wliteb  spile  a^er  lefililf 
■■B  giaaaiw  of  setal  are  tbrown  ap  to  tbe  beighl  df 
tfOw  37,  srt}— if  brttUe^  wberaas  tUat  wbicb  im  ttol 
'-^ — ^ — >SeiM.)  —  Wbeo  copper  &piU!»  Ibo  bimf 
k  iBitiaeaf  kazd.  (Marx,  Sekw.  55,  lO^.}- 
»  a  byer  of  coamioa  aali,  it  exbibtts  a  tnooll 
aad  iko  boUow  ipaoee  wben  lawn  Ibmi^gb;  bit 
a  tajar  of  JimuMi^  or  taonpar  witb  f^bm^  ham 
ttfta  of  ioAi  wiib  glafi%  exUI»la  vaaaal  epaeee  dae 
3i  vbn  awa  ibraigb^  aad  natty  eleraimte  oo  tbi  w> 
^  ta  diBic  €x«ities|  if  it  be  riowly  cooled  aUcr  Mea, 
»  I— ailtialitii  aad  eonae^aeiiUj  the  specilk  eiarl^ti 
lelav  the  trae  ifactfio  gnTitr  of  tbe  eoHd  laeiu.  Qtm- 
a  waK-iMad  aataiiiy ,  wkka  appears  to 
of  ttr;  Wl  laanfaTt  or  a  mixture  of  ibat 


pblelf  tbe  aceiw  of  m\  Wl  laanpir,  or  a  mixture  of  that  wMmm 
vftt  gla«»  daai  Mt  law  patfcedy,  and  tberefore  doea  not  peetal  tW 
ee»taat  of  Iba  wet.    Wbeft  a  aiixtiife  efboiax  or  earbottatoefaodaajll 


ilaai  k  wmA^  il  ouy  be  «appeaad  tbat  tbe  copper  lakoe  oxygn  6« 
lba»  ceaipawb  [or,  pecbapi^  doil  Ibeee  fiuxes  take  up  oxyjpien  &eai  tk 
ak  aad  txaadar  k  la  tbe  eofperl  (Mardand  &  Scbeerer,  .A  pr.  O^m. 
17,105.) 

C<f«pe?  boib  al  aa  bteaae  wbite  heal»  ««^,|  before  tbe  ozy4grdnpi 


1 .  Cf>pp4'r  ia  the  tnaieive  state  does  not  oxidate  at  ordtoaiy 
v«  in  tin*  air»  or  erea  to  damp  air,  unless  carbonic  add  w  , 
n\  ItoAtAl  til  rt^inofis^   its  flurmce  asramefi  a  jt^llow,  and  tbea  a  tioM 
and  aAcrwatds  becomes  eoTered  with  a  black  eriii^  whttk 
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of  protoxide  wiiliont  anil  clioxide  witliin,  and  Mle  oflP  in  scales  when  the 
metal  19  suddenly  cooled  in  water;  Scale-oxide  of  Coi^per*  Copper  plate 
kept  at  a  bright  red  heat  for  4 — 7  hours  in  a  muffle-tube,  ia  for  the  most 
part  converted  merely  into  dioxide;  ifc  is  only  wlien  tbe  metal  in  the 
inner  part  has  completely  diisappeared,  that  a  larger  proportion  of  prot- 
oxide is  formed,  (Anthon,  Itepert.lG,  2W.}  Finely-dividiid  copper  takei 
fire  in  the  air  at  a  temperature  considerably  below  redness,  and  is  con- 
verted into  protoxide. — When  copper  is  fused  in  the  air  in  conBiderablo 
qnaniitic«,  large  crystals  of  the  dioxide  are  often  formed.  (Mitschorlich,) 
Copper  kept  at  a  white  hoat  till  it  boil*?,  burns  with  a  lyghi  green  ^ame, 
and  nj  converted  into  protoxide:  Flower's  of  Coppery  Florti  Cupri> — 
2.  In  contact  with  water  and  air  containing  carbonic  acid,  copper  becomes 
iarniBhedi  firj^t  with  a  blackish-grey,  and  then  with  a  bhiisb-green  colour: 
C^pa'-nist,  alao  the  fio-ealled  Vcrdvjru.  (Bonsdorff,  Fogff.  42,  337,) 
Copper  which  ba^  been  buried  for  centuries  in  damp  earth,  is  found  to  be 
converted  externally  into  carbonate  of  the  protoxide  {Aerwfo  nahiUa)^  and 
internally  into  crystalline  dioxide.  Green  earbonate  of  tlio  protoxide  aoon 
eJiows  on  the  oati>ide,  dioxide  beneath  that,  and  unaltered  metal  in  most  of 
all  (Noggerath,  ScIihk  4f%  12[».)  According  to  Becquerel  {Ann,  Chim. 
Phys,  51,  lOG),  green  and  blue  carbonate  soon  forraa  on  the  outside,  while 
the  inner  portion  is  abnost  wholly  converted  into  cubes  and  cnbf>-octohe- 
(Irons  of  the  dioxide,— In  a  dilute  solution  of  caostic  potash,  in  which  iron 
remains  bright,  copper  becomes  oxidized,  and  with  peculiar  rapidity  at 
those  parts  where  it  is  in  contact  witli  air  and  water  at  the  same  time, 
(Payen,  ./.  CJiim.  JftkL  0,  205,)  Copper  wetted  with  strong  potash-  or 
Bodtt-ley,  acquires  a  brown-black  colour  by  exposure  to  the  air  for  a  few 
liottra — more  slowly  when  moistened  with  a  dilute  solution;  etill  more 
ulowly  when  it  i:^  immersed  in  ji  dilnte  alkaline  solution  placed  in  an  open 
vessel,  but  even  then  more  cpiickly  than  in  ]iuro  water.  In  water  con- 
taining -3^  part  rif  eauj^tic  potii^b^  the  blackening  takes  place  in  a  few 
day?;  in  a  very  dilute  .solution  of  potui^b,  the  alteration  produced  is  but 
slight:  and  in  lime-water,  even  when  diluted  with  twice  its  own  volume 
of  water,  the  copper  retains  its  lustre.  (A.  Vogel,  J.  pr.  Chcm,  14,  107«) 
•^Copper  oxidizes  readily  in  snline  solutions;  less  easily  when  carbonate 
of  potash  is  added  to  the  liquid.  In  a  solution  of  common  salt  mixed 
with  carbonate  of  soda,  it  becomes  covered  in  a  few  days  with  a  brown 
film  of  dioxide,  whereby  it  is  bronzed.  (Wetzlarj,  Schw.  49,  488).^3.  At 
a  white  heat,  copper  slightly  decompofies  vapour  of  water,  very  slowly 
forming  a  small  quantity  of  protoxide.  (Regnault,  Ann*  CJum,  Phps. 
"62,  864»)  It  does  not  liberate  hydrogen  gas  wlien  boiled  with  hydro- 
chioric  acid  (A,  Vogel,  Schw.  32,  301),  or  with  dilute  sulphuric  acid,^* 
4.  Jt  deroiiiposes  heated  oil  of  Titriol  and  nitric  acid,  liberating  Bulphur- 
ous  ncid  in  the  one  case,  and  nitric  oxide  in  the  other,  and  forming  a  salt 
of  the  protoxide. 


A,  CuPBous  Oxide*    Ca*0, 


1^  l>i'Oxid€  of  Copper^  Oxyde  Cuivrmx,  Pfd  Oxide  of  Coppfr,  Sotha 
Kupferoxyd^  Protojcide  de  Cuivre. — Found  native  in  the  form  of  Ped 
Copper-ore,  which  appears  to  have  been  formed  by  oxidation  of  copper  in 
the  humid  way« 

Prfparation. — 1,  By  exposing  very  thick  copper  wires  under  the 
mufflO)  first  for  half  an  hour  to  a  white  heat,  and  then  for  several  bonra 
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to  si  <liill  red  boat-  The  cuprous  oxiJe  is  deposited  on  the  remAin- 
ing  Imtion  of  iiietal  in  black  masses  of  crystals,  which  yield  a  purple-red 
powder.  (Marcbainl,  /.  pj\  Chem,  20,  505,)— 2.  One  part  of  finely- 
divided  metallic  copper  obtained  by  precipitation  with  iron.  Is  mixed 
with  1^  -^t  cupric  oxidej  and  exposed  in  a  close  vessel  to  a  low  red  beit 
(Cheuevix);  or  copper  plate  m  arranged  m  alternate  layers  with  cupHc 
oxide  and  ignited, — after  which  the  superabundant  metal  may  be  ewdy 
separated  from  the  red  oxide.  (Bcrzeliue.) — a  A  mixture  of  '24  parte  of 
dehydrated  blue  vitriol,  and  29  parts  of  copper  filings,  is  heated  in  ft 
porcelain  retort  or  a  well-closed  crucible — whereupon  sulphurou;?  acid  » 
evolved — and  the  vessel  is  imt  opened  till  perfectly  cokL  The  red-brown, 
granular  mass  thus  obtained,  yiebls  a  red  powder,  and  is  free  from  fid- 
phur  and  metallic  copper.  (Ullgren,  Fogg,  55,  527.) — 4*  By  hefttlng 
100  parts  of  crystallized  bine  vitriol  with  57  parts  of  crystallized  inono- 
carbonate  of  soda,  till  the  water  of  crystallization  is  expelled — mixinfif 
the  pjwdercd  residue  with  2,j  parts  of  copper  filings — stamping  ibe 
mixture  closely  into  a  crucible — exposing  it  for  20  minutes  to  a  white  beftt 
—  and  washing  the  mass,  after  cooling  and  pulverization,  with  wfttib 
1\\m  process  yields  about  50  parts  of  fine-coloured  red  oxide.  If  t 
the  quantity  of  carbonate  of  soda  is  used,  sufficient,  that  is  to  say, 
take  up  all  the  sulphuric  acid,  the  dioxide  obtained  is  mixed  witli  proi- 
oxide.  (Malaguti,  Ann.  Ckim.  Phi/s,  54,  21 G;  also  X  pr.  Vhnri,  2,  ICT.) 
— 5.  A  mixture  of  5  pts,  dicbloride  of  copper  (prepared  by  c vapomttng  i 
solution  of  tiie  protoi-hloride,  and  fusing  the  residue  in  a  crucible)  aoJ 
3  pi?,  anhydrous  carbi»nate  *if  soda,  it*  fused  at  a  gentle  heat  in  a  eoterwl 
crucible,  and  the  residue  exhausted  with  water.  (VViihler  <fe  Liebig,  P^* 
21,  581.) — ^f),  Dicbloride  of  copper  is  decomposed  with  aqueous  carbotttte 
of  potai^h  in  a  closed  retort;  the  precipitated  cuprous  hydrate  waiilied  ia 
the  H'tort  witli  well-boiled  water,  the  air  being  carefully  excluded;  ftlrf 
tlicn  heated  in  the  retort.  (Proust.) — 7.  Hydrated  protoxide  of  oopj 
heated  in  a  solution  of  sugfir  containing  pota^L  The  hydrate  grad 
dissolves,  and  immediately  falls  down  again  in  the  fonn  of  [hydatrf 
yeOow  dioxide,  boing  recfuced  to  that  state  by  the  sugar,  niuntoo,  Ph 
Mag.  J,  11,  154) — X}t,  more  conveniently:  An  aqueous  scdution  of  1  pt 
bine  vitriol  aud  1  pt.  sugar  is  heate*!  with  a  jiufficicnt  quantity  of  »odft  to 
redissolve  tbe  prt^cipitated  cupric  hydrate,  and  the  blue  liquid  gently 
warmctl  The  cuprous  oxide  is  then  precipitated^  free  from  waten  in  m 
form  of  a  powder  which  presents  a  crystalline  apjKjarance  when  ex&cuia«i 
by  the  microscope.  (Mitscherlicb,  J,  p)\  Chan,  10,  450.)— Or  a  cobl  s  '^ 
rated  .solution  of  bhie  vitriol  is  poured  into  potash -ley;  9  parta  of 
resulting  hydrate— after  being  washed  upon  linen,  and  pressed  to  fn 
from  the  greater  part  of  tbe  liquid — diffused  by  agitation,  while 
nioist,  through  a  solution  of  27  pU.  sugar  and  60  pU.  water;  a  eoi 
of  ]8  pts.  jjotasb-hydrate  in  CO  pts.  water  h  then  added  to  the  liquid 
whole  agitated  and  llltered  through  linen;  and  the  dark  blue  liutiidlii 
with  couiitant  stirring,  in  tbe  water-bath,— whereupon  it  is  deeoi 
and  yields  a  deposit  of  fine-coloured,  red  cuprous  oxide.  Tbe 
washed  with  water,  pressed  between  paper,  and  carefully  dried. 
Ann.  Fharm,  30,  17(5.)  r  i     ^  j 

Fn^prr(ie$,^Cn^Tm8  oxide,  both  natural  and  artificial,  cryrtaniw  i» 
fornia  be  onging  to  tbe  regular  system.  Figs.  1,  2,  3,  4,  5,  6,  S»  wad 
otfK  r.;  clea.-ag^  pai-allel  to  o.  PiriOip,  (.4  nn.  /VnV.  1 7,  1  no),  hr  rtfi«|lf 
*^iitmg  artilicial  cuprous  oxide  in  a  crucible,  obtain^  iti  kvt  w  «f 

copper  and  cuprous  oxidey  the  latter  cry«taUi^Ml  in  c.  1  .^ohUttm^ 
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Harder  than  calcspai'.  Sp.  gr.  of  the  native  oxide  5-3  (P.  BoulJay);  of 
very  pure  crystals  :V74i>  at  4^  in  vacuo  (Royer  &  Duraai^);  5"751  (Kar- 
aten);  f>'U[*3  (Herapaih).  Lustre  adainantincj  iDcliuing  to  semi-roctallic; 
colour  brownish  cocliineal-red.  The  powder,  whether  of  the  natural  or 
artificial  crystal*?,  has  a  carmiue  colour,  which  is  hrighter  aa  the  oxide  is 
purer. 

Ooppfr-hloonij  which  likipwiee  consiata  of  cuprous  oxidOj  and  is  classed 
mmong  red  coppcr-orei?j  i^  fi>un«l  in  cannine-colouredj  capillary  crystals, 
which,  according  to  G,  Suckow*  (Por/tj.  34,  528)^  are  six-sided  prisms 
perpendicularly  tnincatccl,  with  cleavage  parallel  to  the  faces  of  a  rhon*ho- 
heJrun,  and  the  angles  at  the  terminal  edges— J>0°  15',  Karsten  (Schic, 
47,  204)  fouud  in  the  ore  from  Klieinbreitenbach  a  small  quantity  of 
selenium;  hut  according  to  Suckow,  the  purer  crystals  are  cuprou« 
oxide,  only  those  which  arc  tarnished  containing  1  per  cent,  of  selenium 
and  ar.^enic. 

Bcrzelius.  Chencyix.  Proust. 

2Cu 64     ,..     88^89     88'S9    to    8897     .        88'5     .  .     86'2    to    8j'5 

0 8     ,        ll-U     H'll     „     11-03        ,     11'5     ,..     13-8    „    14  5 

Cl^O  ...     72     .      100-00 lOO'OO    „  10000     ...  100*0     100*0    „  100*0 

CCii"0  —  2  .  395-7  +  100  Z-  mVi.     Cerzelius.) 

Decmnposkiom,  Reduced  to  theEiotallie  state  hy  gentle  ignition  with 
charcoal  or  hyib'ogeu  gas;  al^o  hy  potassium^  somewhat  above  the  melt- 
ing point  of  the  latter,  and  with  evolution  of  light  and  heat,  By  the 
action  of  atjueous  sulphuric  or  phosphoric  acid,  or  of  cohb  very  dilute 
nitric  acidj  it  is  resolved  into  metallic  copperj  which  separates  in  the  form 
of  a  red  powder,  and  cupric  oxide,  which  dissolves.  Bromine- water 
converts  it  into  hromitle  of  copper  and  ciipric  oxide.  (Balard.) — The 
statement  of  Proust,  that  cuprous  oxide  is  cou verted  hy  a  strong  heat 
into  a  brown  mixture  of  cupric  oxide  an<l  raetallic  copper,  is  iucousistont 
w^ith    the   ahovc-descrihcd   methods  of  preparing   the   oxide    (1,  3,   4, 

Combinatiom. — a.  With  Water. — Hydrated  Cuprous  Oxide,  or 
Cuprous  Hydratk. — 1.  By  decomposing  the  dichlorido  of  copper^  or  the 
solution  of  that  compound  in  hydrochloric  acid,  with  excess  of  potash  or 
6oda.  (Proust.) — By  heating  recently  precipitated  cupric  hydrate  with 
an  aqueous  solution  of  milk-sugar  containing  a  little  carbonate  of  soda^  to 
the  boiling  point  for  a  few  minutes,  till  it  assumes  an  orange-yellow 
colour,  then  diluting  with  water  and  washing*  (Bottger.) — Orange-yellow 
powden^ — The  hydrate  prepared  by  (I)  wiien  heated  for  some  time  to  100°^ 
retaina  its  water  and  its  colour,  becoming,  however,  somewhat  darker; 
at  360°  it  give:*  oil*  its  water,  which  aniounU  to  only  3  per  cent,  and  still 
retains  its  orange-yellow  colour,  w^hicb  iloes  not  change  to  red  till  the 
heat  is  increased  to  whiteness*  (Mitscherlich|  J.  pr.  Chern,  H),  4^0.) — By 
exposure  to  the  air,  it  Is  converted  into  hydratcil  cupric  oxide. 

b.  With  a  few  acids,  forming  the  Saints  op  Cuprous  Oxide  or 
CuPHOUB  Salts. — SubsaiU  of  Copper. — Since  cuprous  oxide  is  decom- 
posed hy  most  acids,  e.  g.  phosphoric,  sulphuric,  oxalic,  tartaric,  acetic, 
and  very  dilute  nitric  acid,  yielding  metallic  copper  and  ciiprio 
oxide,  which  di^^solves,  and  is  moreover  oxidized  by  certain  other  acids, 
it  follows  that  very  hw  cuprous  salts  are  known.    H  According  to  Fremy 


{N,  Ann,  Chinu  PhyA,  23,  391),  1ml rated  cuprous  oxid 
decomposiog  the  solution  of  the  dichlorido  in  hydrochl 
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QftriK>iuLte  of  potaA  or  eodft,  dMolfw  in  ftU  mMs,  oreii  tlie  weakest,  pro- 
dndng  euprcm  ttlte;  but  when  it  becomefl  aalijilnMiA— a  eliaage  wlikh 
msjlalce  place  erea  irhen  it  is  immersed  in  water,  aod  nader  circamjitaooea 
not  yet  understood^  it  loses  this  basic  pro[»ertj,  aod  i^  decomposed  by  aciiU.  % 
Caproa^  »lt5>  are  either  eoloarles«  or  rwl;  they  are  converted  into  capric 
salts  by  exposure  to  ihe  air  in  the  ni'^lst  states  al«o  by  nitric  or  hypo* 
chlorous  acid*  Wtth  hydroeniphane  acid  or  hydromlphate  of  ammoDia, 
they  gire  a  black  precipitatd  of  diealphide  of  copper  insoluble  in  eiccH 
of  the  re^ageot  Fixed  alkalis  separate  orange-yellow  cuproas  hydiate. 
Ammonia  and  earbonate  of  ammonia  in  exoees,  form  a  colourleea  mlxtarc, 
which  tonu  blue  on  exposure  to  the  air.  Carbonate  of  potash  throwv 
down  ihe  orange-yoUow  hydrate;  iodide  of  pota«iam  :  brownlah- white 
diniodide  of  copper;  ferrocyaaide  of  potassiam  :  a  white  precipitate 
which  become  brown-red  byexpofitire;  and  ferricyanide  of  potaaeiami  a 
brown-red  precipitate. 

€,  With   Ammonia. — d.   With  borax  and  glaaHlitxeSi  fomai^g 
eompotmda. 

B.  CupRic  Oxide.    CnO. 

Protoxide  of   Copper,    Oxyde   Cuirrique,    Blach    Oxide   of 
Sckmarui  Kupferox^,  Dtutoxydt  dt  Cuivrt. — Found  native  in  th/ol 
of  Black  Copper  {KupferKhwarte)* 

Preparation. — 1.  By  prolonged  ignition  of  copper  in  the  air. — 2* 
raising  the  sulphate  of  cnpric  oxide  to  an  intense  red  heat,  or  tlir  < 
bonate  or  nitrate  to  a  moderate  red  heat— 3.  According  to  Ficiptis, ' 
oxide  may  be  conveniently  prepared  by  exposing  a  mixtiiro  of  I 
copper  filings,  and  2  pt$.  deli^nesced  cnpric  nitrate  to   the  air^  till 
whole  16  converted  into  a  basic  salt,  and  then  igniting  that  salt. 

FropertieM, — Cupric  oxide  may  be  obtained  in  the  crystalline  state  I 
beating   half  a  ^amme  of  it  with  2  or  3  grammes  of  potash-hydrate 
commencing  redness,  washing  the  mass  when  cold  with  ^vatcr,  and  sepi^ 
rating  the  Bocculeut  cnpric  oxide  from  Ihe  crystalline  portion  by  ievi^ 
tion* — The  crystallised  oxide  consists  of  re^^ular  tetrahedrons  haviag  s 
strong  Inetre.    (Becquerel,  Amu  Chim,  Pkys^  51,   122.) — Copric  ou^ 
eommonly  takes  the  form  of  brown  black,  brittle  sicales  and  grannlei^ 
of  a  brown-black  powder,  which,  when  strongly  heated^  aasnmed 
while  a  pure  black  tint      Specific  gravity  6  401    (Herapath),    0*i3(N 

iKarsten).     Fose^  at  a  very  high  temperature,  and  solidifies  in  a  nuii 
laying  a  crystalline  fracture* 

Bffsdios.  G«f* 

Ca..... 32     ..»     m     ....     80    to    mu     »«     iUb^i     ,.^     «ai 
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(CuO  =  3d5<7  +  100  =1  495  7.    BerxeMot.) 


Deeompomtiom, — Reduced  to  the  uetallio  state  by  gentle  ignilloft 
with  hydrogen  gas  or  charcoal  It  is  very  easily  rcduc€4  on  c£arcOtl 
before  the  blowpipe.  If  it«  powder  h^  heated  id  a  epooti  to  m  leant* 
ratare  tthort  of  rt'dtjesa,  and  then  introduced  into  a  wmmX  M&i  mth 
hydrogen  ga«,  it  19  reduced  to  the  nictaUlc  etate^  with  incaadfooonet  aod 
'^--^utiofi  of  water.  (BerzeUu^.)   The  loweet  lemperaturo  ai  i^ieh  eafm 
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oxide  can  l>e  reduced  by  bydro^n  is  tbe  boiling  point  of  linseed  oil. 
(Schrotter.)  Cofrric  oxitlo  is  likewiire  reduced  to  the  inptailic  st^ite  by 
potassium  and  aodiDm,  at  temptTiiturcs  some  what  below  tbe  iiii^ltiDg  points 
of  those  metiils,  and  with  vivid  incandescence.  With  fused  cjanido  of 
potassium  it  yiebU  copper  and  cyanate  of  pota^sh,  (Liobig.) — When 
gently  ignited  with  metallic  copper,  it  is  oonvcrtod  into  cuprous  oxidt\— 
With  phospliorud  at  a  rod  beat,  it  yields  pbo^pbide  of  copper  and  pbos- 
pbat€  of  cupric  oxide. — Mixed  with  phospborio  oxide,  it  detonates  slightly 
on  the  approach  of  a  red-hot  coal,  and  is  converted  into  phosphate  of 
cupric  oxide  and  brii^btly-glowing  foaed  globules  of  phosphide  of  copper* 
(Leverrier.)— A  mixture  of  eupnc  oxide  with  exce^^a  of  sulphur  U  resolved 
at  a  red  heat  into  gulpbide  of  copper,  sulpburoua  aoid,  and  a  trace  of 
cupric  euJidmtc  : 

2CiiO  +  z8=  Cu^-hSO*. 

If,  on  the  contrary,  tlie  caprie  oxide  i^  in  excess,  cuprous  oxide  andcuprio 
sulphate  are  produced,  and  only  a  trace  of  sulphurous  acid,  excepting 
vbco  the  heat  is  nii^^ed  to  tbo  point  at  which  the  cupric  gulpliate  is 
decomposed,  (Max  Jordan,  /.  pr,  Chcni,  28,  222.) 

'  7CaO  +  S  =  CuO,SO»  +  3CuK). 

When  protoxide  of  copper  is  boiled  with  aqueous  protocbloridc  of  tin, 
bioxide  of  tin  is  precipitated,  and  dichloride  of  copper  dissolved*  (Proust; 
A.  Vogel^  Ktutu.  Arch.  23,  85.) — Hydrated  protoxide  of  iron  and 
hydrated  protoxide  of  copper,  are  converted  by  mutual  decomposition 
into  hydrated  «et;<|ni oxide  of  iron  and  hydrated  dioxide  of  copper,  the 
latter  of  wlii^rb  may  be  clissolved  out  by  aininoaia.  (Levolj  Ann,  Chim, 
/%«.  60,  320;  also  J,  pr.  Chem.  14,  lik) 

2FeO  +  2CuO  =  Fe=0>+  Ca*0. 

In  pfoaence  of  potash  or  soda,  and  with  the  aid  of  beat,  cupric  oxide  ia 
•decern pofied  by  arsenions  acid,  the  products  being  cuprous  oxide  and 
arseniato  of  potash,  Tlie  decomposition  is  effected  by  mixing  160  ptu* 
(4  At)  of  cupric  oxide  with  100  pts.  (rather  more  than  1  At.)  of  arscnious 
acid,  and  with  excess  of  .soda,  und  di/^esting  the  mixture  at  a  gentle  heat, 
with  frequent  agitation^  till  all  the  jirotoxido  of  copper  is  converted  into 
dioxide  ;  the  solution  contains  arseniatc  of  soda  ; 

4CuO  +  A«0*  =  2Cu'0  +  AsO*. 

Wben  ammonia  is  used  in  place  of  soda,  only  half  of  the  protoxide  of 
copper  18  converted  into  dioxide  ;  the  rest  remains  dissolved  in  the 
ammoniaj  forming  a  blue  solution,  and  no  decolorization  takes  phice  till 
potash  or  soda  is  added.  A  mixture  of  arsenioiLS  acitl  with  carbonate  of 
potash  or  soda  or  quick-linic,  does  not  convert  the  protoxide  of  copper 
into  the  dioxide.  (Bonnet,  Po(;(/.  37,  300.) — When  protosulpbide  of  iron 
is  fused  with  protoxide  of  copper,  sijlphiile  of  copper  ia  formed.  (Karsten, 
JSckw,  66,  401.) — Protoxide  of  copper  is  reduced  to  tbe  state  of  dioxide 
^by  boiling  it  with  rarioud  organic  aubstancoai,  e.  g,  with  oil  of  turpcntinet 

Combinations. — a.  With  Watcn  —  Hydbatkb  Cdpric  Oxide,  or 
^Cfprio  Hydrate. — Formed  by  precipitating  a  dissolved  cupric  salt  in  the 
[>ld,  with  a  slight  excess  of  <iilute  caustic  potash,  quickly  washing  the  blue 
Lprecipitate  with  cold  water,  and  drying  it  at  tbe  ordinary  temperature  of 
^tbe  air.,    Tbe  bydmte  generally  turns  black  froip  admixture  of  anhydrous 
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k  WU  Affsi%  immix^  tk?  Salts  or  Cn>Ric  Osipe^  or  Cttmw 
SaUs.^^^  iliwlii  «f  Oif^ar,— Cuprie  oxide  luifi  a  ekxmms  iMtj 
fv  mIi  tfcui  lapiMW  pgiifa,  ^nsalrnig  in  lliem  €siily»  aod  witfc  <iv- 
htiiin  cf  bat,  eir^  lAer  %Btiaii|  Ike  Iqrbnte  umI  cAj-bonate  disio)^ 
witk  still  gmlcr  CmI^.  The  taet^niciittoned  eempntimlg  HkrvW 
jiiiilii  in  wmwtmSaai  mha,  n»l  liWxsle  the  mmnionia  vn  boiling.  IW 
M>jiiiOM  d^ffie  nlU  nre  bmskIj  wkiie,  the  hvdniM^d  etklts  Imrv  %  Uti 
m  yt^m  mtamt,  Tktj  sn  fbr  Ike  ino^  r^n  liable  m  wnter,  snJ  lb 
Mhrtiow  kiTe  n  nctnUie  tMtcv  mnd  n  us.     A  t  n  n*«l  litnt,  Iky 

girnnff  Ikeir  nod,  provided  llie  mcid  i  :  Uie  suU^.tav,  li««iT«t 

iT^iuf«9  n  ftroBf  bent  to  deeonpose  it.     Witb  r  Jf  MMb  « 

ddircoal  in  ibt  inn^r  Uovpipe-iiane,  they  yicki  nu  ;  ppcn     W^ 

Wnx  mnd  mtqiKosmic  s«lt,  tbey  bebaTc*  like  f  uprie  oxides.  When  f^mA 
on  iko  fkliniun  wire  with  mkrocoimtc  salt  or  common  sail,  Uiej  imfsA 
n  Uoe  eolonr  to  the  blowpipe-flsme. 

Copper  is  preci]>iuted  in  tbe  nidtmllic  rtale  fnwn  eolT*-"-  ^f  moi 

inlts:  1,  By  Fkotpkorvt^     In  this  manDer  it  mny  li€  ]  .d  um 

tbe  sulphate*    (Boeck,  2>a»,  de  rtdnctione  mdaUomm^      i  m  ir -nj,  180i 

Orotibufrs.)     In  a  cloeo  TesHjl,  the  foltition  becomes  <ie<>o]ori{eil  m  %  *rT 

r   contsming  copper,  but  only  tulpbtirie  Add  pbonlMrK 

M.ispbonis  is  found  to  be  covered  whh  a  hbining'  c^iiiflf  tf 

ct^p^iti,  afur  iomo  months,  n  black  defjottit  of  plio&pliide  of  eof|*rii 

klbuud  between   this  film  and  tbe  remainiDg  phospborua.    (A,  V^iil 


J^  pr,  Chem.  8,  100*) — To  rediico  copper  ia  any  conaideraMc  quantity 
from  tbo  nitrate  by  pbosplirjnis,  tlio  solution  used  mur^t  be  dilute;  in  a 
concentniteii  solution,  a  black  crust  is  formed  on  tlie  plioBplioru«  with  but 
little  metallic  copper;  and  if  the  air  hay  access  to  the  liquid  for  some 
time,  the  ivfiole  deposit  vanishes,  with  formation  of  bluii^h-while  flakes  of 
cupric  pliospluite.  (Boeck.)  Jn  close  resseU,  the  action  of  pho-sphorus  on 
cuprie  nitrate  is  the  name  as  on  the  sulphate,  very  bright  metallic  copper 
being  deposited,  and  so  large  a  quantity  of  pliosplilde  that  the  remaiuin]^ 
phosphorus  is  blackened  by  it  tliroughout  its  whole  substance;  nflcr 
etanding  f(n-  some  time,  the  copper  becomes  less  bright;  inasmuch  as  tho 
nitric  acid  set  free  in  the  liquid  acts  upon  it  and  evolvea  nitric  oxide* 
(A.  VogeL)  A  dilute  solution  of  cupric  acetate  kept  in  contact  with 
phosphorus  in  a  closed  vessel,  becomes  paler,  deposits  greenish-white 
flakes  of  cupric  phosphate,  and  covers  the  phosphorus,  firyt  with  a  black 
and  then  with  a  copper- coloured  deposit,  (A.  Vogel.)— *  IMiosphorua 
immersed  in  a  solntion  of  protochloride  of  copper  bcconici*  covered  with  a 
black  deposit,  a  largo  quantity  of  white  and  reddish-white  dichloride  of 
copper  being  likewise  precipitated.  (Boeck.) — In  a  dihjte  solution  of 
protochloride  of  copper^  phosphorus  becoines  covered  with  metallic  copper; 
but  ill  a  concentnitcd  solution,  it  fir^t  produces  an  abundant  precipitation 
of  white  dichloride  of  copper^  and  then  becomes  blackened  throughout  ita 
tsubstanco  by  phosphide  of  copper.  The  liquid  thereby  acquires  at  first  a 
dark  and  afterwards  a  pale  yellow  colour,  and  contains  dichloride  of 
chopper  dissolved  in  hydrochloric  acid;  when  concentrated  by  boiling,  it 
deposits  this  compound  and  give^  otT  hydrochloric  acid;  and  on  further 
concent  rati  on ;  it  evolves  phosphurettecl  hydrogen  gas,  and  yields  a  black 
precipitate  of  phosphide  of  copper.  (A.  Vogeh)  Hence  it  appears  to 
contain  phosphorous  acid, 

2.  By  JIt/popltosphorou8  ackl. —  A  solution  of  blue  vitriol  gently 
heated  with  this  acid,  gives  otf  hydrogen  gas  and  deposits  copper. 

3.  By  ZtJiCj  Ciidmimn^  Tin^  Lcadf  Irnn^  CohaUj  Nkkcl^  and  Bijsmutlu 
— Nitrate  of  cupric  oxide  is  most  c^nickly  decomposed  by  zinc;  then 
follows  lead,  then  tin,  and  then  cadmium.  (Fischer,  Pogg,  8,  402.)— ZtVic 
throwa  down  from  cupric  salts,  even  when  they  contain  a  large  excess  of 
acid,  first  black  copper  containing  zinc,  and  afterwards  pure  copper  having 
its  characteristic  red  colour;  because  the  precipitate^  as  it  increases,  falls 
off  from  the  zinc,  and  forms  a  galvanic  circuit  for  itself,  in  consequence  of 
^hich  the  zinc  which  it  contains  is  dissolved.  (Wetxlar,  Schiv,  /iO,  98.)^ 
From  protochloride  of  copper,  zinc  precipitates  metallic  copper  and  like- 
wise  the  dichloride.  (Fiscber.) — Cupric  nitmte  dissolved  in  alcohol  la 
likewise  reduced  by  JGinc.  (Fischer.  GUIk  72,  289.)— Zinc  immersed  in  a 
eolution  of  1  pt,  blue  vitriol  in  3  pts.  water  at  iHj  ,  throws  off  a  largo 
quantity  of  hydrogen  gas,  and  precipitates  cupric  oxide  as  well  as  copper. 
(Leykanf,  J,  pr.  Chem.  IJ),  124.) — Otdmhtm  throws  down  from  the 
nitrate,  black  copper  containing  cadmium,  and  from  the  chloride,  a  mixture 
of  copper  and  the  dichloride,  (Fis^cher,) — 71  u  throws  down  copper  from 
the  sulphate,  chloride,  and  nitmte,  but  not  from  the  neutral  acetate. 
When  a  solution  of  blue  vitriol  not  containing  any  free  acid,  is  enclosed 
in  a  bottle  together  with  tin-foil,  it  changes  after  a  while  into  a  colourless 
solution  of  stannous  sulphate,  which  is  not  rendered  permanently  turbid 
by  the  addition  of  small  quantities  of  potash,  and  therefore  appears  to 
contain  free  acid;  and  on  the  surface  of  the  tin  there  is  deposited  an  alloy 
of  tin  and  cop|wr,  partly  black  and  partly  brass-yellow,  a  few  lamini©  of 
Ihe  same  substance  being  likewise  attached  to  the  sides  of  the  vessel. 
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I  sLlkaJine  auIpUito  is  in  oxcess^  nearly  all  the  copper  ia  precipitated. 
(Berthior,  lY.  Ann,  Chim.  PhyB.  7,  HO.)  Sulpbito  of  ammonia  forms  a 
bulky  light  brown  preiTipitiite  with  cupric  salta.  (H.  Rose.)  A  solutioji 
of  ctipric  sulpbate  heated  with  sulpburoua  acid,  and  likewise  a  solutiou  of 
cupric  phosphnto  or  arseniato  in  sulphurous  acid  forms  with  a  tUKill 
quantity  of  pota-yh  a  yellow  precipitate  [of  sulphite  of  cuprous  oxide  and 
potash  ?].  (A,  Vogel,  J*  pr,  C/imi*  30,  3'}*)  If  the  cupric  oxido  is  united 
with  one  of  the  weaker  acids,  aj§  with  acetic  or  form 5c  acid,  a  precipitate 
of  cuprous  oxide  [sulphate]  is  fonued  on  beating  the  liquid.  (A.  Vogcl.)- — 
Aqueous  protochioride  of  tin  tbrows  down  from  cupric  salts  a  white 
crystalline  powder  conBisting  of  diobloride  of  copper, — Sui^ar  likewise 
reduces  cuprous  oxide  from  many  cupric  ealts,  Sugar  boiled  with  an 
aqueous  solution  of  cupric  acetate  jirecipitatos  dioxide  of  copper,  and 
when  boiled  with  the  protochioride,  it  throw  down  the  dichlorido. 
(A.  Vo-el.) 

Phofipkurotted  hydrogen  gas  passed  through  a  solution  of  blue  vitrio!, 
slowly  throws  down  tripbospbide  of  copper. — Hydrosulpburic  acid  and 
alkaline  liydrosulphatcs  throw  down  from  cupric  salts  a  precipitate  of 
protosulplude  of  copper,  insoluble  in  excess  of  the  reagent.  If  tbe  solu- 
tioti  is  very  dilute,  merely  a  brownish  colourim^  is  produced,  and  this 
effect  is  visible  even  wlien  the  proportion  of  cupric  oxide  h  only  1  pt>  in 
100,000  of  the  liquid  (Pfaff),  or  I  pt.  metallic  copper  in  200,000  pts.  of 
the  liquid.  (Lassai^ne.)  A  solution  of  1  pt»  crystallized  cupric  acetate  in 
10.000  water  and  2,500  bydrocbloric  acid  stiil  shows  a  dit^ttnct  colouring 
with  sulpburetted  liydrogen;  with  1  j>t.  cupric  oxide  in  15,000  water  and 
7,500  bydrocbloric  acid,  a  sligbt  colour:  but  witb  1  pt,  cupric  oxide  in 
40,000  water  and  20,000  bydrocbloric  acid,  tbe  ell'ect  is  no  longer  visible* 
(Roinsch,  J.  pr,  Ckem.  13,  13-3.)  Paper  suukcd  in  a  solution  of  copper 
and  then  perfectly  dried,  does  not  blacken  in  dry  sulphuretted  hydrogen 
gas,  and  absolute  alcobol  which  has  absorbed  6  volumes  of  sulphuretted 
tyclrogen,  has  no  action  on  anhydrous  copper  salts,  (Parnell,  /.  pr,  Chettt. 
26,  190.) — The  hydrated  sulphides  of  manganese,  eohalt»  and  nickel 
throw  down  sulphide  of  copper  from  a  solution  of  the  sulphate.  (Anthon.) 
A  copfver  solution  boiled  with  an  alkaliuo  hyposulphite  dejxisits  black 
sulphide  of  copper,  with  formation  of  sulphuric  acid.  (11.  Hose,  Pogg* 
33,  241.)     Probably  in  this  mauuer; 

CuO,SO^  +  KO,S^O»^  CttS  +  K0,2S0>. 

A  solution  of  blue  vitriol  is  immediately  decolorized  by  hyposulphite  of 
eoda,  and  then,  on  the  addition  of  hydrocblorio  acid,  deposits  all  the 
copper  in  the  form  of  rust-brown  sulphide,  probably  CuS'j  the  precipitate 
ioms  black  if  kept  for  some  time  under  the  liquid,  and  shows  uo  tendency 
to  oxidate  by  exposure  to  the  air.  (Himly,  Ann.  Pharm.  43,  ].5I.) — 
Iodide  of  potiissium  added  to  a  cupric  salt  throws  down  white  diniodide  of 
copper,  the  liquid  turning  brown  from  separation  of  io<lino;  the  precipitate 
dissolves  in  excess  of  iodide  of  potassium. 

Potash  or  soda  added  to  a  cuprio  salt,  iu  quantity  not  sufficient  to 
decompose  it  completely,  throws  down  at  first  a  blue  precipitate  of 
hydrated  cupric  oxide,  which,  however,  on  agitation,  takes  up  a  portion 
of  the  undecompiosed  salt,  and  forms  with  it  a  green  basic  salt.  An 
excess  of  the  alkali  tbrows  down  the  hydrated  oxide  in  bulky  blue 
flakest  which,  on  boiling  the  mixture,  collect  together  in  the  form  of  a 
black  powder,  consisting  of  the  auhydruus  oxide.  U  According  to 
ydlker  (Ann.  Pimrm*  50,  34),  strong  caustic  potaah  diesolvca  a  consider- 
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blue  colour,  which  soon  turns  green ;  dilute  Folutions  proJuco  Ujp  snme 
effect  on  the  arldition  of  hydrocyanic  acid,  Tinctiiro  of  guiacinn  is  pre- 
pared by  steeping  1  part  of  gMiacum-wooJ  in  4  parts  of  water;  tho 
reaction  is  still  viaihle  in  a  solution  containing  1  part  of  copper -salt  in 
450,000  parts  of  water.  (Par^nsteoher,  K  Tr\  3,  1,  404.) 

Ciipric  salt3j  which  are  insoluble  iu  water,  diasolvo  in  sulphuric, 
liydrocbbric,  or  nitric  acidj  or  at  all  oventSj  g^ive  up  their  cnpric  oxide  to 
the  acid. 

c.  With  Alkalis, — d.  Soluble  in  oils,  sugar,  &c. 


C.  Peroxide  of  Copper  f 


b 

^^Hl  1.  Formed  by  agitating  the  hydrated  protoxide  with  a  targe  eic^ss  of 

^^^ffiry  dilute  peroxide  of  hydrogen  at  a  temperature  of  0"^.— 2.  By  mixing 

nitrate  uf  cnpric  oxide  witfi  excess  of  aqueous  peroxide  of  hydrogen,  and 

precipitating  the   copper   at   0-\   by  caustic   potash  siddcd    in    moderate 

cxcese, — The  resulting  peroxide  of  copper  is  washed  with  cold  water, 

pressed  between  bibulous  paper,  and  drii'd  in  vacuo, — Yellowiiih-brown 

I        powder  (or  olis'e  green,   if  contaminated  with   hydrated  cupric  oxide, 

H   tiU8te!es.Sy  an<I  without  action  on  vegetable  colours.    Contains  nearly  twice 

^m  as   n^uch   oxygen   as  tho  protoxide.     At  a  temperature  short  of  100%  it 

^1  gives  otr  oxygen,  and  m  converted  into  protoxide;  in  the  moi^^t  atate,  it 

V  decomposes  in  the  course  of  12  honr.'^,  even  at  ordinary  temperatures. 

The  decomposition  is  greatly  accelerated  by  the  prof>ence  of  strong  caustic 

potash.  —  Insoluble  in  water.     With  acid?*,  it  forma  ordinary  eupric  salt8 

and  peroxide  of  hydrogen,  (ThLnard  )     It  is  perhaps  not  a  higher  oxide 

of  copper,  as  Thtnard  supposes,  but  rather  a  compound  of  cupric  oxide 

with  peroxide  of  hydrogcru 


I 


%  D,  Cupric  Acldf 


...................... 

H    obtained  iu  the  state  of  solulionj  by  pasiii ng  chlorine  gas  into  potash-  or 

"    eoda-ley,  in  which  hydmted  cupric  oxide  is  ditrused  ;  but  they  cannot  bo 

obta.ined  in  the  solid  state,  inasmuch  as  they  are  decomposed  with  violent 

evolution  of  oxygen  soon   after   their   forniatiou.     Cupratc  of  lime  has 

however  been  obtained  in  the  f\jrm  of  a  beautiful  rose-coloureil  substance, 

H    by  mixing  chloride  of  lime  with  a  solution  of  nitrate  of  cnpric  oxide;  it 

H    decomposed   but   slowly.  (Krliger,  Fop^.  72,  445.)     According  to  Urum 

{Ann*  Fhann*  55,  213),  the  ox^'geu-compound  of  copper  contained  in 

tbifl  salt  ia  a  sest^uioxide,     Cu^Ol  If 


^»    ^ 


Copper  akd  Hydrooek, 


Hydride  of  Copper? — A  solution  of  blue  vitriol  and  hypophospjhorous 
acid,  heated  not  above  70^  deposits  a  yellow  precipitate,  which  soon 
turns  red-brown.  It  'conLiins  US*? 8  j*t5,  copper  to  1*22  hydrogen 
(^Cu^H),  gives  ofl*  hydrogen  when  heated,  takes  fire  in  chlorine  gas, 
and  when  treated  with  hydrochloric  acid,  is  converted  into  dichloride  of 
coppiT,  with  evolution  of  a  double  tj^uantity  of  hydrogen  gaa,  (Witrtz, 
Cojiipt.  r€itd.  18,  702.; 


4U 


Copper  and  Carboh. 


A.  Carbide  op  Copper. — Often  pToduccd  in  the  ioiifflMiiiiilg  of 
copper,  when  tbe  metal  is  fused,  according  to  the  Engliali  laeiuod,  UJDilcr 
SL  layer  of  cliarcoal  powder:  OverpoUd  C<^pper  (VivUo,  Ann,  Hit, 
21,  121). — Obtamed  also  by  armnging  copper  plate  in  alternate  bjen 
Willi  !ain[>-ldack,  heatiDf^  to  redness  for  «ereral  liours^  and  tben  fMiiag 
the  tempemturo  to  the  melttDg  point  of  copper.  In  this  proCMi,  tJtt 
copper  takea  up  at  most  0-2  per  cent,  of  carbon.  (Karstcn,  *SVAw.  60»  305,) 
— Copper  containing  carbon  bag  a  pale  yellowish-red  colonr  and  stroo^ 
metallic  lustre,  and  tbe  surface  of  the  mass  solidified  after  fusion  cxhihiu 
a  strinted  texture.  After  fusion,  it  has  a  strongly  lustrous,  yellowtsh-wd, 
ooarnely  fibrous,  and  indented  fracture,  and  after  bammering,  a  ycllowi^- 
red  Binewy  fracture.  It  h  ductile  at  ordinary  tempcmturew,  hut  at  a  \<m 
red  heat/ it  breaks  under  tbe  hammer;  even  005  por  cent  of  carboa 
makes  it  slaty  at  a  rod  beat*  When  fui^od  in  the  air,  and  e^peelmllyif 
stirred,  it  readily  give^  up  its  carbon.  (Kareten.) 

The  orange-yelbw  predpiute  vhich  u  produced  bj  ■ddiag  cu-booale  of  aodi  t»  • 
Eolation  of  dicbloride  of  copper  in  bydrocblorirr  acu!,  and  usumec  a  brick- ltd  etitm 
when  Y\  fished  with  cold  water,  is  tnerelf  hydrated  caproas  oiide»  free  frotn  entail 
acid,  (Gmelin.) 

B,  Carbonate  of  Cupric  Oxihe,  or  Citpric?  Carbonate,— <i,  JKmp- 

honate, — Tbe  anhydrous  salt  occnre,  accortling  to  Thomson  {OutHnn^f 
Mincrahf^ij,  1,  601),  in  tbe  form  of  .If^^on^/,  which  contains  00 '7 •Seuivit 
oxide,  1670  carbonic  acid,  19  50  ferric  oxide,  and  2'10  ailicai.  It  Jo«i 
not  appear,  hciwever,  that  this  compound  can  be  formed  aHtfictalty*  It 
is  Htatod,  intlecd,  by  Colin  &  Taillofert  {Ann.  CHim,  PAy».  12,  6f),  thai 
the  hydrated  rompouud,  when  heated  by  itself  or  boiled  with  wmtrr,  is 
eouYcrted  into  a  brown  powiler,  which  is  the  anhvilrous  carbitnale.  Bat 
according  to  Gay-Lussac  (Ann.  Chim,  Pkfs.  37,  335),  when  the  gall  ii 
boiled  with  water  for  fieveral  hours,  the  whole  of  the  rarlioiiic  add  if 
given  offj  and  the  residual  black  powder  is  pure  cupHo  oxide;  it  bc^MOIil 
black  even  wbeu  boiled  for  a  short  time  only;  but  it  then  cottt^ai 
carbonic  acid. 

Hydrakd  Dkai-honate, — Found  in  the  form  of  Jfaf<iMi/€,^-Pn>cloerf_ 
when  copper  is  exposed  to  the  joiyt  action  of  air  and  water;  C%ypper-T 
or  the  so-called  Vrrdigrk: — when  nioist  cupric  hydrate  is  exposed  to  I 
air,  and  more  i^uickly  when  carbonic  acid  is  passed  th rough  wafwr ! 
which  the  hydrate  \'s  ditfnsed]  the  volume  of  the  hydrate  U  dimioi 
by  conversion  into  carbonate.  On  precipitating  a  cupric  «all  irttli  CM* 
bonatc  of  pota4<h  or  eoda,  carbonic  acid  is  at  first  evolved,  and  a  meiiidb* 
blue  precipitate  formed;  this,  however,  is  gradually  converted  dtttfii| 
washing,  or  immediately  on  boiling,  into  the  green  dtcarboaale,  il 
change  being  produced  either  by  loss  of  carbonic  acid,  or  (aeoondii^l 
Colin  ^  Taillofert)  merely  by  loss  of  water. — The  prodael  19  a  pm 
powder  of  tbe  colour  of  vertligrig.  It  accjuires  a  brighter  green  oohfV  Ij 
washing  with  Itot  water:  Mineral p^em^-^lih^  salt  m^heo  atiaMl^lliaii] 
hy  itself,  or  when  boiled  for  a  short  time  with  canstie  poteai,  JaafW • 
black  residue  of  auhydroutt  oxide;  it  is  insoluhlo  in  water,  tal  distdMi 
in  nmmotiiticnl  »alta,  fomitng  a  blue  solution. 

AlalachUe  iotim  cryi^talH  belonging  to  tbe  oblique  priamali^  QP^"^ 
f^.  81  and  84;  u  1  n=I03  42 ;  %  ;  m==l]8''  11';  deaTi^a  ftttiW  H 


COPPER  AND  PHOSPHORUS. 
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-4  and  L  Laminar,  fibrous^  compact,  or  eartl»y,  Sp,  gr.  from  3^7  to  4"0. 
Hanler  than  calcspar.  Colour  varying  from  emerald-green  to  grasa-grcen; 
exhibits  all  Uegreea  of  trausluceocy  down  to  complete  opacity. 


BerieUus. 

Proutt. 

KJaprotli. 

Vauquclin.  Pbillipa. 

artif. 

artif. 

i'ml 

Ch««y. 

SCuO .,.,    SO  , 

,.  72*07  . 

..     71^70  .,. 

69-5  .. 

,     70*5  ... 

70-10  ....     72*2 

CO".. 22 

..  19-82  . 

..     1973 

25-0  ., 

.     18-0  ... 

21-25  ...     18*5 

HO.-.. ; 9 . 

.    S'll   . 

sa?  - 

3'5  . 

.     11-5 

875    ...       9*3 

2Cii0,C0»  +  Aq.  in  . 

,.100-00  , 

„  100*00    .. 

100-0  .. 

.  100-0  ... 

10000  -.     lOO'Q 

h,  Sexqitibanc  CarhoTiaie, — Found  in  the  hydrafed  state  aa  Aturc 
'  Copper  ortff  or  lilu^  dapper  ;  when  pulverised,  it  forms  Mineral  bine,  or 
Alountain  hlite.  Crystalline  system  the  ohlicj^uo  prisraatic,  Fiij,  81, 
together  with  a-,  i-,  m-^  and  various  other  faces^  u*  :  7^:^08"'  50',  1  :  m= 
I  02^  15'.  Cleavage  parallel  to  n,  n,  and  m,  Sp*  gr.  3 '831*  Harder  than 
calcs|mr.  Azure-blue,  translucent ;  powder  smalt-hhie.  According  to 
Phillips  [Ann,  t%tm.  Fki/9,  7,  *!'*)♦  the  same  compound  U  obtained  arti- 
ficially by  a  secret  process^  as  Blue  Verditcr, 


Klaproth.  Van  quel!  n* 
I'rnl.  Oicasjr- 


69*37  .,..     70 
25*43  ...     24 

5-20  ,...       G 


68 '5 

25*0 

6-5 


Pliillipa. 
Ches»>.  niut  perdit^r, 

0908     .......       67*0 

25  46 241 

5'4<»     5*9 

24 


aCnO^aco^-i-Aq.  173  ..,  10000 


100 


lOO'O 


100*00     100*0 


Malachite  may  be  regarded  as  CuO,CO*-|-CiiOjHO  and  Antre  Copper- 
are,  as  2(CuO,CO-),  +  CuO,H0. 

c.  Acid  Carbonate, — Di  carbon  ate  of  cupric  oxide  di^^olves  sparingly, 
on  agitation,  in  aqueouy  cnrbonic  acid,  30720  parts  of  the  liquid  con- 
tain 1  jmrt  of  cupric  oxide;  and  the  eolulion  exhibits  the  usiiul  reactions 
with  iron  and  with  ferrocyanido  of  potassium.  {Fr.  Jahuj  Ann,  Pharm* 
28,  111.) 

COPPEB    AND    BOEOK. 


I 


BoitATB  OP  CiTPRic  Oxide,  or  Cupric  Bouate. — Borax  precipitates 
froTn  a  solution  of  cupric  ^nljihato,  a  pale  green  |K»wder,  whicb  js  slightly 
Bolnlde  in  water,  fuses  to  a  green  opaqne  gla.89j  and  dissolves  m  excess  of 
}H>racic  acid.  Tho  precipitate  produced  by  excess  of  borax  forms,  wbcn 
dryt  a  hard,  dark  green  ma.«s,  haviug  a  concboidal,  shining  fracture,  and 
containing  59'27  percent,  of  cupric  oxide  to  40  73  of  acid;  w*lien  the 
copper-salt  in  in  excess,  the  precipitate  forms,  after  drying,  a  loose, 
greenish -bine  powder,  containing  70 '4  cupric  oxide  and  2S*0  of  aei<L 
(Tiinnermann,  Kastn,  JrcA.  20.  18.) 


Copper  akd  Fhosphorito, 

A.  pHofirniBK  OF  Copper. — a.  Cn**?. — 1 .  Formed  by  passing  pLos- 
pbureited  hydrogen  gas  over  dichloride  or  dianlphide  of  copper. 

aCtt^UPB^  =1  Cu'^P  +  SBCl. 
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2.  Also  when  tlie  tripltofipliiik  is  depriv^ed  of  half  ita  plio^bonwliy  j 
hydrogen  giu  over  it  at  the  strongest  beat  that  the  glass  can  bear, 
powder,  or,  after  strong  ignition,  Hg^bt  grey  mass  baring  the  me 
Itistre,     Ou  charcoal  before  the  blowpipe  it  emit^  a  pbosphomti-Bfl 
Diaaol^^a  easily  and  completely  in  nitric  acid  or  aqua-regia.  with  forsktt 
of  phospboric  acid.     Iiia>Iuble  in   hydrochloric  acid.  (H.  Rtme,  P^ 
e,  209;  24,  228,) 

H.  Rose. 

<;Cii.™.„„ _       1920       ....       85*94        ......,*        8442     to     8661 

P ->— ..         31-4       ...,       1406         15*59     „      13-39 


Ca*P 


223-4 


lOOOO 


100  00 


100-00 


5,  Triphotphide. — 1.  By  posdng  phosphuretted  hydrogen   gm» 
heated  protocbloride  of  copper.  (H,  Rose,  Fo^,  24,  328.)     2.  By] 
phofiphnretted  hydrogen  through  a  solution  of  bine  vitriol: 

3CuO  +  PH'-^  Cn'P  +  SHO. 

Either  Tariely  of  phosphnretted  hydrogen  may  be  nsed.  The 
tation  begins,  after  three  quarters  of  an  hour,  with  a  black  turbiicly 
which  soon  increajses;  a  certain  quantity  of  phosphoric  acid  b  alwayi 
formed  at  the  same  time.  If  the  black,  flocculent  precipitate,  a^er  T 
drial  in  vacuo  over  oil  of  vitriol,  be  gently  heated,  it  give^  off  a  i 
quantity  of  moisture,  and  assumes  the  red  colour  of  copper.  (H* 
Fo^^.  14,  188;  24,  321.)  The  black  flakes,  when  washed  with  boil 
water  out  of  contact  of  air,  remain  for  the  most  part  nnaltered ;  hot  if 
the  air  has  access  to  them,  the  phosphorus  becomes  oxidized  and  ipalallie 
copper  [or  red  phoq>hide  I]  separates  oat.  (Buff,  Fogg.  22,  353.) 

Prepared  by  (I)  ;  black  powder,  which,  when  strongly  ignited  Ottlof 
contact  of  air,  is  converted  into  a  greyish-black,  metallic-looking  imtm^ 
but  does  not  assume  the  red  colour  of  copper  at  any  temperatiDV, 
(H.  Hose.)  By  (2)  :  black  flakes,  which — after  ^ntle  heating  in  racw* 
— a^ume  a  copper- red  colour,  like  that  of  metiUlic  copper  prccfptlalfd 
by  zinc.  (H.  Rose.)  It  does  not  fuse  even  at  the  melting  point  of  ghfl^ 
but  is  more  fusible  thau  copper.  (Landgrebe.) 

Phosphide  of  cop|  er  prepared  by  (1)  exhibits  a  pbosplioma-fUliir 
on  charcoal  before  the  blowpipe  ;  (2)  does  not.  (1)  gives  off  lialf  its 
phosphorus  when  very  strongly  ignited  in  a  current  of  hyiirogen  gw. 
(H.  Rose,  Fogg.  4,  110.)  Both  varieties  dissolve  readily  in  mtric  acii 
with  fomiation  of  phosphoric  acid,  especially  that  ubtaioed  by  (2)  aii<l 
not  previously  heated.  Hot  oil  of  vitriol  dissolves  (2)  with  evolution  of 
sulphurous  acid  gas.  In  hydrochloric  acid  In  an  open  vessel  (2)  dissoltM 
more  readily  than  pure  copper.  (H.  Rose.)  The  phosphide  prepared  ^^ 
(2)  and  not  heated,  dissolves  completely  in  strong  hydrochloric  acid,  i' 
evolution  of  non-spontaneoualy  inflammable  pbo:?p  buret  ted  hydru| 
(Buff.)  The  preparation  (2),  when  it  has  not  been  heated,  is  pemiM 
in  dry  air,  but  when  exposed  to  a  nioia^t  atmosphere,  is  convertoil  id 
phosphate  of  cupric  oxide.  Before  the  blowpipe,  it  bums  to  a  black  \ 
of  cupric  phosphate,  which  on  cooling  solidi^es  Into  a  white  ena 
(LaodgFebc,  Sdkut,  53,  464.) 

H.  Rose  (I).  U.  R<.*r  i.;.. 

3Ca 96'0     .,     75*35      ,.,,^,       75-34       .„,       ?57*i      ti>      r^-W 
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A*  a  iraalt  qiiAntUj  of  phosphoric  add  U  fori  nee]  in  [process  (2),  the  analysu  of 
the  resaltiuf  ccmpoand  gave  ralber  too  little  phosphorus.  (II,  Kos<3.) 

c  Diphosphide. — Wlion  Iiydrogen  ga.s  is  passed  orer  dipbosphate  of 
cupric  oxide — as  obt^^incd  by  precipitatiTii^  blno  vitriol  with  diphosphate 
of  soda — at  tho  strongest  red  beat  tbat  tbo  glaa.s  tube  will  sustain,  the 
copper-salt  first  turas  yellow  from  furraatioii  of  dioxide,  and  is  subsa- 
quently  converted— witb  fonnatioii  of  water — into  greyisb-black  phos- 
pbide  of  copper^  which  beconiea  cr^^atalHuo  on  cooling.  {H.  Bose,  Fogg, 

K  24,  331.) 

■  II,  Rose. 

^k  2Cu   ,.       6i*0      ....       67-09  650y 

^■^  P 31-4  32'yi  34*91 

^HB  Cu'F 95I       ....     lOO'UO         ~.,       100  00 

^  Phosphide  of  copper,  containing  copper  and  phosphorus  in  variable 
B  proportions,  may  be  obtained  by  the  following  methods  :  1.  When  copper 
filiDgs  are  ignited  with  phosphorus  in  a  retort,  li  parts  of  copper  retaia 
I  1  pt.  of  phosphorus  [therefore  Cu'^P],  (Mar^graf.)  Tiie  same  compound 
^^inay  be  formed  by  throwing  phoiupkorua  on  red-hot  copper  tiliug^. 
^"  (Pellotier.) — 2.  By  ignitiug  1  part  of  copper  filings  under  charcoal  with 
I  part  of  glacial  phosphoric  acid  not  free  from  liiue,  and  ^  of  charcoal 
i|K>wder.  (Peltetier,  Am}.  Chim.  1,  IDJj  Saye,  UrclL  Ann,  171*2,  1,33; 
1^.  GM.  3,  704.)'-^3.  By  igniting  cnpric  pho><pliate  inixeil  with  charcoal, 
Dr  contained  in  a  crucible  liuod  with  charcoal — 4,  By  exposing  a  mixture 
[>f  e  or  8  pts,  cojipcr,  or  cupric  oxide,  10  bone-ash,  5  pounded  quartz, 
f5  borax^  and  1  charcoal,  in  a  crucible  lined  with  charcoal,  to  the  beat  of  a 
[Wast-fiiruace  for  an  hour,  (Bertbicr.) 

Tho  fused  phosphide  of  copper  ilina  obtained  is  of  a  pale  copper^ 
,  ©oloor  when  it  contains  but  little  phosphorus,  and  steel-grey  when  it  con- 
llaiDa  a  larger  proportion  of  that  substance.     The  aurfice  of  the  fused 
Iniass  is  sometimes  covered  with  four-sided  pri^^ras,  formed  by  the  junction 
[of    ootohedrons.    (Saye.)      It    exhibits    a   laminar   texture.    {Berthier.) 
*Sp.  gn  =  7  122.  (Saye.)     It  is  as  hard  as  btee(,  brittle,  and  has  a  fine- 
grained fracture,   but  is  difficult  to  pulverixe.     Fuses  much   more  easily 
I       than  copper.     Many  varieties  of  phosphide   of  copper  retain  their  lustre 
Hirlien  exposeil  to  the  air;  others  turn  black,  and  full  to  pieces,  l)*:*ing  con- 
H  verted  iuto  phosphate  of  cupric  oxiilo.     Phosphiile  of  copper  burns  in  the 
fti?  with  a  phosphorus  iiamc,  and  is  converted  into  a  black  slag, 

■  B.  HvpoiMTospniTE  OP  CurRic  Oxide,  or  Citruir  HvropiiospiiiTE. 
—The  blue  solution  of  hyd rated  cupric  oxide  in  cold  Iiypophosphorous 
acid  may  be  kept  unaltered  for  a  bmg  time,  and,  if  very  dilute,  may  bo 
:  heated  without  decomposition.  On  evaporating  it,  however,  even  in 
'  racuo  at  a  low  temperature,  complete  reduction  of  the  copper  takes  place 
lua  «oon  as  tbo  Jirpiid  reaches  a  high  degree  of  concentration.  (H.  Hose, 
^i»cyy.  12,  291.) 

^^  3.  Piiospnm?  of  Citpric  Oxide,  or  Cupric  Phospitite. — By  pre- 

^ipiiating  protochloride  of  copper  with  phosphate  of  ammonia,  a  beautiful 

blue  prcci|>itat*3  is  formed,  which  may  be  washed  with  water  and  dried 

^Lfit  a  gentle  heat  without  decomposing.     When  heated    in  a  retort,   it 

^P3rie1da  a  large  quantity  of  water,  afterwards  gives  off  abun' lance  of  puro 

iiydrogen  gas,  turns  brown   from  reduction  of  copper,   and   fuses  into  a 

mixture  of  metallic  copi>er  and  cupric  phosphate,  one  portion  of  w 

roh.  V.  ^  Ik 


^ 
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H.  Eeie. 
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— 1.  Bf  P^flB^g  pbonliuett^   lajdro«;im  gii 
r«f  CMcr.  (H.  Bm^  J^ogff.  24,  328.)    i.  Bjjm 
MgBittm^  AMlalmi  of  blue  vitnol:  ^g 


kjdiQfOi  vtty  bo  used.     TU  pn 
B*of  ma   Wur,   wiili  a  blick  till 
—  liiMyi ,  «     .    ■       ^OBBli^  of  t>]io«|»bonc  lu^til  ii  ilf 
i  ift  Ac  «MBe  tiiB^     If  l3bm  bUck,  flocealcQl  precifNUte,  wtm  \ 
«fl  of  licml,  be  geiallj  besftod,   it  givoa  of  i  i 
•f  ■iiiHiin,  mad  hwim^  tbe  im  oolour  of  eopper.  (H, 
fi,  IM;  24,  ?2I.)     Tlw  Uack  Ibkcs,  when  wmsbed  witb  ^ 
r  ««i  rf  eoMlitt  of  air^  nttmia  for  Ibe  moot  pari  tmaltereil ;  i 
tbft  air  k»  oeeev  lo  tbeo^  ^  pbospboms  bcooroes  oxidiied  sa^Hl 
[or  ledi  fboopbide  q  flsponlei  oqL  (Buff,  Po^.  22,  ^^^WM 

li  Vr  (I)  :  black  povdcfg  wUicb,  wben  fttroiiglj  JgnitflH 

;  of  air,  lo  cooTcrted  iolo  m  grevkh-block,   iiietaJLjC'lo<>kinf  i 

bsl  doet  Bol   aoHDoe   tbo  red  eoloor  of  copper    at    any    tomp«nl 

(H.  Booc)     Bi'  (2)  :  bbek  fbkes,  which— after  gentle  Ijeatiu^^  it  iq 

»  o  copper^ivd  ooioor,  like  that  of  metal  lie  copper  precM 

(H*  Bml)     It  does  not  fu^  even  at  the  meJUit^  point  m  t 

tat  ii  »oM  loaible  tbaa  copper.  (Landgrebe.) 

rWtgpbiilc  of  copper  prtpoiT^  hy  (I)  exhibits   »   pbosphoro^Jl 
OS  ^uoool  belm  Ibe  bbyirpipr  ;  (i)  does  not.     (I)  ^nve^  oft  htM 
plMmbotna  wbea  nery  strongly  ignited  in  a  current  of  hv^M.-'^  i^ 
(H.  Bo«i  ^97-  ^»  llt>-)     B^tl*  vari€lfc«  dissolve  readily  in 
~~    ■  ■    L  of  phoophoric  acid,  e^pe^yially  that  ohtJiif^'-^  \ 

boated.     Hot  oil  of  vitriol  dissolves  (2)  v 

mdgaa.     In  hydrochloric  acid  in  tin    ' ^  \ 

More  i«tt£lj  tban  pure  copper.  (H.  KoaoO     Tb 
(2)  and  aoi  bealed,  disKihes  comf  I     ' 


mlmloii    of  noD-fpontaneoiisly 
(Baffl)     The  pieparation  (2),  ^rHioi  iL 
la  diy  air^  bat  when  expose*!  to  p^ 
pbo^baie  of  eopnc  oxide.     B' 
of  caprie  phosphate,   wLtcl 
(Laa^^be,  Schw.  53,  46^ 


3Ca. 
F 


96-0 
31-0 


C«?P 
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A*  a.  smnll  quantity  of  {^liosplioHc  siHd  h  formej  in  proceas  (2),  the  niiAlytU  pf 
I  resulting  compoantJ  gave  rathtr  too  little  pUosphorus.  (11.  Ro»c*) 

r.  Dlphosphide, — When  hydrogen  gas  m  passed  over  diphosphate  of 
prie  oxide — as  obtained  l»y  precipitating  blue  vitriol  with  diphosphate 
eodu — at  the  strongest  ivd  lieat  that  the  gla^s  tube  will  sustain^  the 
pper-salt  first  turos  yellovr  from  formation  of  dioxitle,  and  is  subee- 
BUtljr  converted — wit!i  fonnation  of  water — into  grejish-bkck  phoa- 
ide  of  copper,  which  becomes  crystal  line  on  cooling.  (H,  Rose,  Fo^g, 
\  331.) 

H.  Rose. 

I  2Cii   ».«       G4'0       ,.„       67-09         65*09 

P    , 31*4       ...       32'91         ..-.„,.         31'91 

Cq'P... 054       ,.-,     lOO'OO         ZZ       lOO-OO 

Phosphide  of  copper,  containing  copper  and  phosphorus  in  variable 
(portionf*,  may  be  obtained  by  the  following  methods  :  1.  When  copper 
Bg»  are  ignited  with  phosphorus  in  a  retort,  3  parts  of  copper  retain 
►t.  of  phosphorus  [therefore  Cn^P]»  (Marggraf,)  The  same  compound 
f  be  formed  by  throwing  phoftphoras  on  red-hot  copper  tiliiigK*, 
fUetier.) — 2.  By  igniting  1  part  of  copper  filings  under  charcoal  with 
•'H  of  glacial  phosphoric  acid  not  free  from  linje,  and  \  of  charcoal 
^er.  (PeUetier,  Ann.  Chhn,  1,  lOi);  Saye,  CrelLAtm,  17 ii2,  1,33; 
^eh!.  it,  704,) — 3.  By  igniting  cupric  pho.Hphate  mixed  with  charcoaJ, 
^ntained  in  a  crucible  lined  with  charcoal, — 4.  By  exposing  a  mixture 
i  or  8  jtts,  copper,  or  cupric  oxide,  10  bone -ash,  5  pounded  quartz^ 
l*^ix,  and  1  charcoal^  in  a  crucible  lined  with  charcoal^  to  tbo  heat  of  a 
Vfurnace  for  an  lionr.  (Berth ier.) 

[be  fused  phosphide  of  copper  thus  obtained  U  of  a  pal©  copper- 
when  it  contains  but  little  phosphorus,  and  stcel-grey  when  it  con- 
^  iarger  proportion  of  that  substance.     The  surface  of  the  fused 
'  sometimes  covered  with  four-sided  pri.'^nis,  formed  by  the  junction 
fbedrons,    (Saye.)      It    exhibits  a   laminar   texture.    (Berthien) 
7  122.  (Saye.)     It  is  as  bard  as  steely  brittle,  ftud  his  a  fine- 
l^actura,  but  is  diiHcult  to  pulverize.     Fusea  macb  more  easily 
|er.      Many  varieties  of  phosphide  of  copper  t^etain  their  lustre 
^^d  to  the  air;  otliera  turn  bhtck,  and  fail  U>  pieces,  being  coo* 
»>liosphate  of  cupric  oxide.     Phosphide  ofeopfker  bums  in  tbe 
^Iiosjjhorus  Gallic,  aud  is  converted  tnta  a  hhck  sfa^. 

l>j»iT05srnTTT!  np  Tr--.'-  Oxide,  or  Crrwc  Hrrorac 
-*  hyl;  oxide  ia  eoM  Li 

d  i^jr  t  ime^aud,  if  rmj'J^mMif^  mjIp^ 

m^thm  aaptti  take«  tk^ 
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as  it  contains  excegs  of  acid,  may  he  dissolved  out  by  wat^r^  and  the  I 
by  bjdrocliloric  acuL     The  oxygen  of  the  water,  as  well  as  tbat  of  j 
oxide  of  copper,  contributes  to   the  foroiation  of  phosphoric  acidL     1 
solution  of  cupric  phospiiito  in  aqueous  phosphorous  a^id  depoaita  pait^ 
the  copper  in  the  metallic  state  on  boiling.  (H,  Rose,  Pog^.  12,  2B2.) 

J),  PiiospHATE  OF  CcPRic  OxiDE,  or  CupRic  PnosrnATE. — a.  Ser- 
hanc. — ^An  eniemJd-green  ore  of  copper  from  Hirschberg  on  the  SiuUc, 
Laving  a  scaly  fmctiire  and  concentrically  fibrous  etructtire.  (Kulm. 
Ann.  Fkamu  24,  218,) 


i=3CuO,PO*  +  3CuO,HO. 

6CuO  240O  70'92 

PO* „ 71-4       ,..       2M0 

3HO 270      ..  7-98 


KUhn. 

71*75 

19*21 

7'4t 


6CuO,POfi  +  3Aci.       338-4 


lOO'OO 


9S-34 


h.  Quintohaslc, — Phosphorochalclte^  or  Pseudo-malfichUe. — Cry&taHiw 
system  the  oh H que  prismatic.  Fig.  91  and  90,  together  with  m-,  f-.  %x^(\ 
»•  faces;  u  :  m'=38^  5ij^\  i  :  «:=li2'  37'.     Likewise  found  it^  M 

earthy   masses.     Sd.  gr.    4-2.      Harder   than    fluorspar,      E  nd 

vcrdigrlg-green;  yields  a  pale  green  powder.    When  suddenly  ^  re 

the  blo^^plpe,  it  full^  to  powder;  but  if  slowly  heated,  it  turn  'jI 

fuso:3  on  the  charcoal  to  a  Idack  bead  containing  a  small  _:r  ;  u- 
copper.  The  bead,  strongly  heated  with  an  equal  volumo  uf  iL^Ld,  ji ;  1  i 
copjier  and  fused  phosphate  of  leaii-oxide,  which  crystallizes  on  cooling. 
Jloated  with  a  snuill  (iiiantity  of  carbonate  of  soda,  it  swells  up  and  thcti 
/uses;  with  a  larger  quantity,  it  forms  a  tumefie<i,  infusible  mnsM;  when  » 
still  hirgor  quantity  of  ciirbonate  of  soda  is  used,  the  saline  ma/ss  biqIu 
inli»  the  <-"harcoal,  and  leaves  copper  behind,  (Berjsclius.)  Wben  moist- 
ened with  hydrochloric  acid,  it  imparts  a  hlue  colour  to  llie  bloi 
flame.     Easibly  soluble  in  nitric  acid  and  in  ammonia. 


Pho^phQrochatcite, 

hQnO  200-0     ....     6702 

PO* 71-4    ....     23  93 

3H0    .». 27*0    ...       9  03 


Ltinn.         ArfrediMjn* 

VimebcTf. 
6285     .,..     68-20  .., 
21-69     ..„     24-70  ... 
15-45     ....      »-97  ^ 


Vimelkcff, 

(^-94  ...  ^-m 

24-20  ^,  urn 


6CttO,PO*  +  3Aq.      298*4  10000    ..     9999     ...    98  87  ....  99K>3  ,. .  IHB 

According  to  Lunn*e  analysis.  It  i§  5CuO.PO*-f '^Aq.;  accordJug  to  Kittfi 
{Amu  rham.  51,  123),  it  is  3(CuO,PO^)-h3(CuO,HO). 

%  Cupric  PhofiphcUt  from  L  tebeihin . '— F ib rous,  aep^nUi ng  to  otmmuti^ 
scales;  with  a  waxy  lustre  on  the  fractured  surface,  and  a  satiiij  loill^  m 
the  outer  surface;  looks  as  if  it  had  been  fused.  When  hea^t^id  (o  KidPiM, 
it  splits  asunder  with  violence,  but  without  noise;  eveti  in  the  state  of  iBi 
powder,  it  is  forcibly  scattered  about  when  ignited. 


F0»  ... 
2HO 


Kiiba. 

24  13 
620 


3(CttO,PO*)  +  (2CiiO,HO)    2»9-4     ...  100*00 


...     100  00  % 
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c.  Quadrohoiie, — Liebetheniie, — Crystalline  system  the  right  prismatic. 
Fig.  54.  ti  :  tt'  =  84°  58'i  i  :  i' =  IIV  58'.  Sp.  gr.  36  to  3-8.  Harder 
than  calcspar.  Colour  olive-green  inclining  to  blackish-green;  translu- 
cent, with  a  waxy  lustre.  Exhibits  the  same  chemical  relations  as  phos- 
phorochalcite. 

Liebetheniie.  Berthier  (cryttallized), 

4CuO    160-0       ....       64-15  639 

P0»   71-4       ....       28-63  28-7 

2HO 180      ....         7-22  7*4 

4CttO,PO*  +  2Aq 249*4       ....     100-00         ~.       1000 

Acxjording  to  Kuhn,  it  is  3CuO,POH  3CuO,HO. 

d.  Terhasic, — Precipitated  on  mixing  a  cupric  salt  with  diphosphate 
of  ammonia,  potash,  or  soda  [in  excess?],  the  liquid  becoming  acid. 
(Mitscherlich.) — Bluish-green  powder,  which  when  heated  gives  off  water 
and  turns  brown.  When  ignited  with  charcoal,  it  yields  phosphide  of 
copper.  Insoluble  in  ^ater,  but  dissolves  easily  in  acids,  even  in  phos- 
phoric, acetic,  and  sulphurous  acid,  the  latter  not  causing  the  formation 
of  cuprous  oxide;  slightly  soluble  in  ammoniacal  salts. 

e.  Bihdsic, — Precipitated  from  copper-salts  by  diphosphate  of  soda 
[added  in  insufficient  quantity?].  When  heated  to  redness  in  hydrogen 
gas,  it  turns  yellow  from  formation  of  a  cuprous  salt,  and  yields  diphos- 
phide  of  copper.  (H.  Rose.)  In  other  respects,  it  exhibits  the  same 
eharacters  as  d, 

TromholiU.  Sp.  gr.  from  3*38  to  3*4;  fractured  conchoidal;  colour 
yellowish-green  inclining  to  emerald-green.  (Breithaupt,  J,  pr,  Ghem. 
15,  321.) 

2CuO    

PO*   

4H0 

Si02,A1202     


Trombolite, 
800       ....       42-69 
71-4       ....       38-10 
360       ....       19-21 

Plattner. 
39-2 

41-0    (nearly) 
16-8 
trace 

[87-4       ....     100-00 

97-0 

2CuO,PO*  +  4Aq.    ... 

f.  Add  Phosphate, — The  solution  of  e  in  aqueous  phosphoric  acid 
leaves  on  evaporation  a  green,  gummy  mass. 

E.  Pyrophosphate  op  Cupric  Oxide,  or  Cupric  Pyrophosphatb. — 
Dissolves  in  aqueous  pyrophosphate  of  soda;  decomposed,  by  boiling  with 
ordinary  phosphate  of  soda,  into  ordinary  phosphate  of  cupric  oxide  and 
pyrophosphate  of  soda.  (Stromeyer.)  If  Preparing  by  precipitating  a 
cupric  salt  with  pyrophosphate  of  soda.  Amorphous,  greenish-white 
powder,  which  becomes  dark  blue  when  dried  at  100°,  and  assumes 
a  lighter  blue  colour  on  ignition.  Dissolves  in  mineral  acids  and  ammonia, 
and  likewise  in  pyrophosphate  of  soda.  When  boiled  with  caustic  potash^ 
it  is  resolved  into  cupric  oxide  and  phosphate  of  potash.  Sulphurous 
acid  dissolves  it  without  converting  it  into  a  cuprous  salt,  and  thesolution^ 
when  boiled,  deposits  it  again  in  the  crystalline  state.  The  salt  dried  at 
100®  contains  2CuO,PO'4-2Aq.  The  two  atoms  of  water  are  given  off 
on  ignition.  (Schwarzenberg,  Ann,  Pharm,  65, 156.) 

Schwarzenberg. 
Anhydrowf.  Amorphous,         Crystalline, 

2CuO  80-0       52-84       52-1       52-89 

dPO*    71-4       4716       47-9      4711 

2CuO,4PO*     ...       151-4       100-00       1000       10000 

^1L^ 
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F.  Metaphosphate  of  Crpnic  Oxide,  or  CVpeic  Met  a  phosphite. 
— Formed  by  adding  a  solution  of  cuprio  nitrate  to  dilute?  jiboaphoric 
acid,  evapomting  and  heating  above  316^;  whereupon  it  is  deposited  in 
the  form  of  a  bluii^h -white  powder.  Insoluble  in  water  and  dilute  acids, 
but  soluble  in  strong  sulphuric  acid, 

Maddrell, 

CuO     40-0  35-9  35-1 

PO*    71-4       ,  ,       641  64-3 


CuO.aPO* Ill  4 

(Maddrell,  Ann.  Pfiarm,  61,  GO.)  % 


100-0 


loo-o 


Copper  and  SuLPntjR. 


A.  PistTLPiriDE  op  Copper,  or  Cuprous  Sulphioe. — Found  in 

form  of  Copper'tjlanrc.—Fotyn^tifm. —  L  By  triturating  copper 
sulphur.  When  Gi  pts.  (2  At.)  of  finely  divided  copper,  obtaiocJ 
reducing  the  carbonate  by  hydro^^en,  and  It!  ptg.  (I  At.)  uf  inilkof  ^iLlphtff 
are  dried  together  over  oil  of  vitriol,  and  triturated  togetUt-r  ia  a  tttorlAr, 
so  gently  that  no  heat  ia  produced  by  the  friction,  they  corn  bine  as  MOI 
aa  a  uniform  mixture  is  attained,  and  form  bluish  disulpliide,  the  oon 
nation  being  attended  witb  a  development  of  heat  which  raii^efi  the  i 
to  rednesa.  If  the  proportion  of  the  copper  to  the  sulphur  be 
slightly  altered,  the  experiment  fails,  even  tliougU  tlie  mortar  be  wanned. 
If  tlio  mortar  be  warmed  to  2U°  or  25\  it  h  not  nece*>sary  to  dry  lltf 
powders  previously^  and  morcoveri  flowers  of  tiulpbur  n»ay  be  used  m^UtiA 
of  milk  of  sulphur,  only  that  longer  trituration  is  necessary  to  induce  < 
bination.  (Winkelblecli,  ^w/j.  /7m/w,  21,  34.)  Sulphide'of  copj*erin 
formed  by  triturating  copper  filings  witb  Bulphur  and  w^ater* — 2.  "" 
copper  leaf  burns  with  vivid  inflammation  in  a  gla*s  fla^kin  which  Jtalpiitif 
has  been  heated  till  it  volatilizes.  8  parts  of  copper  filings  uiix^  «it!i 
3  parts  of  pyuuded  l^ulpbur  unite  with  incandescence  whenheated.  Tli* 
same  compound  is  obtained  by  fueling  together  plates  of  copper  and  pomnU 
sulphur,  arranged  in  a  crucible  in  alternate  layera. — 3.  By  igriituirpM* 
oxide  of  copper  witb  sulphur.— 4,  One  hundred  parts  of  ilry  cupnc  "at 
pbatc  heated  to  whiteness  in  a  crucible  line*l  with  charcoal,  yield  47^ 
parts  of  disnlphide  of  copf>er,  mixed  with  a  few  granules  of  th^  mtlal 
(Berthicr,  Ann.  Chim.  rhij$,  22,  236'.) 

Copper-glance  bcdongs  to  the  right  prismatic  svst<tm.     /%.  56  wilh 
the;>-face;  f  :fi=ll>0°l2}',;  t/  :  «'=e0"25';  «  :u=ll>50';  t  -    -  yf. 

Cleavage  imperfect,  panillel   to   u.   (Mohs,  Poff<^.  24,  428  ;    '  dk, 

J,  pr,   Chan.  1!},    451,)     The  crystals   of  copper-gluno*  were   furu 
regarded  as  belonging  to   the  Iiexagoual  system.     MitarbcrJich    (i  ^^ 
24,  428),  by  fusing   together  large  quantities  of  copper   and    m\\kfn, 
obtained  regular  octohedrons.     Specific  gravity  of  the  native  -nlf'^tJ-'. 
from  5m'\  to  5*735  (Mohs);  of  the  artificial  cofnpound,:>"ii77 
Di-^ulphide  of  copper,  whether  natural  or  artificial,  is  harder  ti 
eliLditly  tnalieabfe,  of  a  blackish  lead-gtoy  colonr,  and  mticU  more  isisif 
fusible  than  copjw.T, 
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ariif. 

artif. 

artif. 

Rothenburg. 

Sicgcti. 

2Cii 

..     64 

80      . 

.,   roo2 

78*69     , 

„     78 

,.     76-5      .. 

74*73 

IS 

16  . 

20 

.     20-38 

21-31     . 

„     22     . 

.     22*0 

21 '50 

Fe 

0-5        . 

1^26 

Sio»  ... 

.,.. 

.. 

200 

Ctt'S 


80 


100 


lOO-OO 


100*00 


100 


990 


99-49 


Diijiulpiride  of  copper  is  not  tleemiiposeil  wLen  liealetl  to  rctlne^js  out  of 
contact  of  air;  but  if  the  air  has  access  to  it,  combustion  takes  place,  and 
salpliurous  aciti,  cupric  sulplaate,  ami  free  cupric  oxide  are  produced. 
When  heated  to  redness  in  a  otirrt^iit  of  atiucou^  vapour,  it  is  hut  siightly 
decomposed  ;  but  at  a  whito  heat,  it  yichls  largo  <|uaBtities  uf  hydrogen 
ga?  and  eulj»liuretted  liydrogen,  together  witli  eiiblimt'd  sulphur,  and  tlie 
copper  is  completely  reduced  to  the  metallic  state.  (Regnault,  Ann,  Chhn* 
Phtfs.  62,  37?^.)  [What  becomes  of  the  ox\%'en  of  the  water  ?] — By  phos- 
phu retted  hydrogeu  gas  at  a  refl  heat,  it  is  very  slowly  resolved  into 
Cu*P  and  sulphuretted  hydrogen,  (II.  Rose.) 

3Cu*S+PHi  =  Cu«P  +  3SH. 

Not  altered  by  ignition  in  a  stream  of  hydrogen.  {H.  Rose.) — ^Not  decom- 

I  posed  by  chlorine  gas  at  ordinary  tempeniturea,  very  slowly  wlieu  heated. 

(H.  Rose,  Pogq.  42,  540.)     Dissolves   with  difliculty  in   stron;jr  boiling 

lydrochloric  acid,  with  evolution  of  sulphuretted  liydrogen  and  formation 

M  acid  hydrot'hlorate  of  cuprous  oxide  ;   in  beated  nitric  acid,  it  dissolves 

^with  separation  of  .sulphur,  wherea'^  cold   nitric  acid  withdraws  half  tho 

copper  and  leaves  protosuljdiide  of  copper.-*]  00  parts  of  disulpbido  of 

NCOp|>cr,  ignited  with  77  parts  or  rather  less  of  nitre,  yield  from  OtS  to  70 

^arta  of  metallic  copper.  (Bertbier.) — When  disulpliidc  of  cupper  is  fused 

1th  a  mixture  of  caustic  Foda  and  carbonate  of  soda^  part  of  the  copper 

reduced.     The  same  reducing  action  is  exerted  by  a  mixture  of  car* 

f>nate  of  soda  and  cliarcoal,  whereas  cnrbonate  of  soda  or  potash  alone 

18  no  effect.     When  100  parts  of  di^ulpbiile  of  copper  are  fu.sed  with  70 

%tis  of  dry  carbonate  of  «uda  and  with  charcoal,  one  half  of  tbe  copper 

reduced,  and  the  rest  combines  as  sulphide  of  copper  with  the  sulphide 

of  sodium  which  is  formed;  when  1  part  of  dbulphide  of  copper  is  heated 

to  whiteness  with  4  parts  of  caibonate  of  soda,  in  a  crucible  lined  with 

charcoal,  nearly  all  the  copper  i,^  reduced.    100  parts  of  sulphide  of  copper 

*    lited  with  400  parts  of  dry  carbonate  of  sodii  and   30  or  40  parta  of 

roOt  yield  at  mosit  60  parts  of  copper.     AUo  when  sulphide  of  copper  is 

beated  to  whiteness  with  baryta  or  limo  and  charcoal,  j»art  of  the  copper 

is  reduced,  and  su!phid«i  of  copper  and  barium  or  sulphide  of  copper  and 

calcium  forme«l  at  the  !>amo  time.  (Berth ier,  Ann,  Vhiitu  Fh^s,  33,  160.) 

-^When  diaulpliide  of  copper  is  fused  with  protoxide  of  lead,  the  mass 

ijboils  up  and  yields  sulphurous  acid,  dioxide  of  copper — which  combines 

nrith    tho   undeconiposed    lead-oxide,    forming   a   red  shining  slag — and 

riMtftlBc  lead.     100  parts  of  disulphide  of  copper  and  200  litharge,  yield 

illA  parts  of  copper  containing   lead.      With  from  300  to  ,500  parts  of 

liiliarge,  a  grey,  temiductile  alloy,  rich  in  lead,  is  obtained.     When  ICOO 

p&rts  of  litharge  arc   used,  2^0  parts  of  ductile  lead  separate  out,   and 

2,>00  parts  of  litharge  yield  385  parts  of  lead.      It  is  only,  therefore, 

with   this  last  proportion,  that  the  whole  of  the  sulphide  of  copper  i^j 

resolved  into  sulphurous  acid  and  cuprous  oxide : 

Ctt=B  +  3PbO  ==  Ca-U  +  SQ^  +  3Pb. 
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Aooordiugly,  80  pis.  (1  At.)  Cu'S  sbould  separate  312  pU-  (3  At)  d  leal 
^100  :  390.  (Bertliier,  Ann,  Ckim,  Phys.  80,  246.)  Lai4  i-x«fto  M 
decotnposing  action  on  eiilphitie  of  copper  wben  filled  witU  xi.  { Karsttft.) 
Disulpliide  of  copper  ignited  with  the  protoxide  is  easily  converted  laU 
eulphurouj?  acid  and  metallic  copper,  or  the  dioxide.  1  A  I.  Cu'S  mi 
2  At»  CuO  are  completely  coarerted  iato  sulphurous  acid  aad  coppof: 

Cu^S  +  2CuO  =  4Cti+RO-. 

With' 4  At.  CuO  [6  At.  according  to  Gmelin]  the  only  products  lit)  »8)' 
phuruus  acid  and  cuprous  oxide ; 

Cu«S  +  6CuO  =  4Cu=0  +  SO^ 

Any  excess  of  disulphide  of  copper  remains  nndeeoinp^kdrcl*  (Kmiia, 
Si^m.  ^Gf  401.)' — MetalHc  iron  decompoises  dir>uIphido  of  coppor*  tlMM^k 
very  imperfectly,  yiehliiig  copper  containing  iron,  ir<:»n  coatainin^ 
and  sulphide  of  copper  and  iron.  Ferric  oxide  exerts  but  »  sh;2rlit 
posing  action,  and  ferrous  gilieate  none  at  all. 


tiocott* 
air4^H 


B.  pROTOsiTLprnDE  op  CoppKR,  or  CuPRic  ScLPHTDE. — Found  in 
form  of /wr/Kjfo  Copper  or  Jllue  Copper,  Brt'dhnnptiU, — 1.   PrccipitatrJ 
pa«sin^  sulphuretted  hydrogen  through  a  copric  salt,   in   black 
which  hccome  greenish -black  when  dry  aud  reddea  litmus.      Th**  i|KQft0 
gravity  of  the  sulphide  precipitated  by  i>ulphido  of  amni  ddtied 

out  of*  contact  of  air  at  a  temperature  above  100^,  i«  4  i  •  .^rfcUt*) 

— 2.  When  finely  pomnlcd  distilphide  of  copper  isj  tritumlvd  in  a  nMJltar 
with  eohl  .s'troDg  nitric  acid  till  the  action  ceases,  and  then  wa»lie4,  po* 
tosalphide  of  copper  remaioF^  in  the  form  of  a  greenish- black  poms* 
(Faraday,  Quart,  J.  of  Sc,  21,  183*) — Protosulphidc  of  copi>»r  L^tiid 
out  of  contact  of  air,  give^  off  half  its  sulphur  and  is  conrcs  »• 

difiulphiile,  (Duhereiner,  Sckw,  17,  414.)     iWhen  exposed  r  4 

the  moist  statCj  it  is  converted  into  sulphate  of  cupric  oxid.  ") 

It  dissolves  in  hot  nitric  tieid,  with  reparation  of  aulpbu-  •-  ,^u>u^ 

of  sulphuric  acid.    Hot  conceutntted  hydrochloric  acid  di  4»«lf« 

with  evulution  of  sulphuretted  hydrogen,  precipitation  mi  ^w 

formation    of  acid    hydrwldorate  of  cuprous   oxide*       FroiM  »i 

silver-oxide,  it  throws  down  culpliidc  of  silver.     It    '  i    Okiaaifw  ii 

aqueous  .sulphurous  acid,  caustic  pota^sh,  or  alkaliue  1 

Native  protosulphidc  of  copj^er  is  found  i^oi 
IBBoeiatcd  with  copper  pyrites, ^mo^**ive^  of  6pc< 

of  a  bluish-black  colour,— sometime!*,  in  the  furoaruU*  <L*f  \  *>r»aviiM,  to  I 
form  of  a  8ooty  deposit  or  a  black  net-work  liko  a  vpidi^r*  «^ 
(Waldmer,  Scfm.  49,  158;  CovelU,  Ann,  Chim.  /%#,  35,  105;  aUu  i*<«r. 
10,  404.) 

_  lUu*  I.      .  v^, 

Cu 32  W'lJ  C4 

8.    16  S2'6I  3J 

Fe ._  0*46 

in  .,_^  1*06 

tnw# 
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I^BtBR  OF  CoPPEft. — Aqueotit  pfsitatulpbido  of] 
salta  a  liver-coloured  precipitate  wbirli  iHl 
»t  altered  by  ex])O0ure  to  tho  aiTi  or  by  waiUof 


CUPROUS  SULPHITE. 


I 


boiling  water,  and,  wlj  en  recently  preoi  pi  tat  ed  dUsolvos,  in  aqQeous  car- 
bonate of  potasli,  forming  a  brown  solutiou.  (Berzel ins.)— According^  to 
Berzelius,  bjsulpliiEle,  tcr^ulphide,  and  tetraiSnlpliide  of  potassitim  give 
with  ciipric  salts  a  precipitate  of  the  witne  colour*  likewise  soluble  in 
carbonate  of  potash,  and  consisting  of  a  mixture  either  of  CuS  and  CuS* 
or  of  CaS^  CnS^and  C\iS\ 

D.  HvposuLPniTE  OF  CupROFs  Oxide,  or  CtrpRoua  HYrosuLPniTE. 
— Funned  by  precipitating  byposulpbite  of  lime  with  salpbate  of  cupric 
oxide,  or  hy  digesting  it  witb  carbonate  of  cupric  oxide, — Colourless 
solution,  having  a  sweet  taste  and  turning  blue  in  tbo  air  when  super- 
saturated With  ammonia,  (HerscbeL) 

E.  SiJLPniTB  OF  CupROOs  Oxide,  or  Cuprous  SuLrnriE.^L  Formed 
W  digesting  cupric  oxide  or  its  hydrate  or  carbonate  witb  aqueous  sul 
phurous  acid.  {Cbevrcul^  Bertliicr.)     The  products  of  thk  reaction  an 
soluble  cupric  sulphate  and  crystallized  cuprous  sidpbite  : 


are 


3CnO  +  2SO=  ^  CaO,S03  +  Cu'0»SO*. 

Ignited  CHpnc  oxide  is  but  slowly  acted  on  by  sulphurous!  acid  at  ordinary 
tcmpenitnre.s;  but  on  the  application  of  heat,  tbo  decompogition  goes  on 
rapidly  and  is  attended  wstli  tbe  formation  of  a  blue  solution  of  cupric 
sulphate,  and  red  crystalline  scales  of  cuprous  sulphite,  amounting  to  eight 
parts  for  every  ten  of  the  cupric  oxide  used.  Carbonate  of  cupric  oxide 
dissolves  readily  and  witb  ell'en'esccuce  in  tbe  cold  acid,  forming  a  green 
aolutJou  of  cupric  sulpliite,  which,  slowly  in  the  cold,  more  quickly  in 
minshinct  and  very  rapidly  if  gently  warmed^  turns  blue  and  depoi>iis  red 
scales.  ( Berth ier.)  Finely  pounded  Azure  Copper-ore  acta  in  the  sanje 
manner  as  tbe  artificial  carbonate,  but  more  slowly,  (A.  Vogel, 
J.  pr,  Chem,  30,  39.)  Hydrutcd  cupric  oxide  immersed  in  sulphurous 
acid  is  immediately  converted  into  brown-red  sulpbite  of  cuprous  oxide. 
(Bottger,  Ann,  Phay^m.  39,  178.)  2,  The  same  salt  is  precipitated  on 
ing  aqueous  sulpbito  of  potash  or  soda  with  a  warm  solution  of  cupric 
^►hate  or  nitrate.  (Chevreul.)  To  obtain  fine  crystals,  strong  potash- 
ley  saturated  in  the  cold  with  sulpharou^sacid,  must  be  added  to  a  solution 
of  blue  vitriol  J  the  liquid  filtered  from  the  small  quantity  of  cuprous 
sulphite  which  fails  down,  and  the  filtrate  gently  heated  till  the  crystals 
begin  to  separate  out.  (Bourdon,  CompL  rend.  13,  111;  also  «/.  pr,  Chem, 
25,  399.) 

Shining,  cochineal-coloured,  crystalline  granules  and  scales. — ^Wbea 
ted  in  a  retort,  they  give  off  water  and  sulphurous  acid,  and  leavo  a 
A\  quantity  of  cuprous  oxide  of  a  somewhat  darker  red  colour, 
(Bcrtbier,) — When  boiled  with  water,  they  are  resolved  into  sulphurous 
acid  gas,  cupric  sulphate,  cuprous  oxide,  and  a  small  quantity  of  sulphide 
of  copper,  (Chevreul,  j-lw?/,  Chtm.  83,  181;  aUo  Gill.  48,  185*)  In  the 
dry  etato,  they  do  not  alter  by  exposure  to  the  air  (Chevreul);  but  when 
moistj  they  are  converted  into  a  mixture  of  normal  and  basic  sulphate  of 
cupric  oxide,  (Bertliier.)  Sulphuric  acid,  even  when  cold  and  dilute, 
decomposes  the  crystals  immediately,  converting  them  into  cupric  oxide 
which  dissolves,  and  dark  red,  iinely  divided  metallic  copper.  Tbey  are 
scarcely  soluble  in  water,  but  dissolve  in  sulphurous  acid,  hydrochloric 
acid,  and  ainmoniat  (Bertbier,  iV.  Ann,  Chim,  7,  81.) 
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IT  The  eampofiltion  of  this  red  salt  is  variously  stated  by  fJifTcreiit 
chemists.  Muepratt  (Ann,  Pharm.  50,  285),  by  passing  sulpboroiu  mbI 
gaa  into  water  in  which  a  sraaJI  quantity  of  cupric  oxide  wvlh  stifpen'" 
and  slowly  evaporating  the  bright  green  solution  thereby  prodi 
obtained  after  a  fevF  days,  large^  fine,  purple  crystals,  yielding  a  _ 
powder:  they  were  found  to  consist  of  CirO,  SO*-h  Aq. — Bottinger  {Anm, 
Pharm.  52,  410),  by  mixing  a  solution  of  cupric  sulphate  with  sulphite  of 
ammonia  containing  bat  a  i^niall  quantity  of  free  sulpburou3acid^abtiujD«d 
a  dirty  grccnish^ycliow  precipitate,  wbicli,  on  the  addition  of  a  liltle 
eulphnrous  acid,  was  rapidly  and  easily  converted  into  a  beautiful  gre«ii 
liquid.  If,  on  the  contrary^  the  sulphite  of  ammonia  contained  a  fiufici 
quantity  of  free  sulphurous  acid,  no  precipitate  wa5  produced  in  tlie 
the  liquid  merely  acquiring  a  green  colour.  But  on  slowly  heatin«"  n\ 
of  these  solutions  to  about  ^Q%  a  white  fait  separated  out,  which  wu 
found  to  be  a  double  sulphite  of  cuprous  oxide  and  ammonia.  At  a 
higher  temperature,  thia  ^alt  is  quickly  converted  into  a  red  gmoulir 
compound,  which,  whon  examined  by  the  microscope,  ti«  found  to  coft- 
eist  of  oblique  four-.^ided  pri:^ms♦  Tlic  ?aine  red  ealt  may  be  obuiQ«d 
imniediately  by  heating  a  solution  of  blue  vitriol  with  6ulphil« 
ammonia  containing  free  eulpburoufl  aeid*  to  the  boiling  point.  Iti  " 
position,  according  to  BiHtingcr,  is  as  follows: — 

Dottiagtr. 

3Cu=0 216  5655  5G*28     to     560$ 

4S0*  128  33-93  34*44 

4HO  36       ,...         9  52  9  28 


m 


3Ctt90»4SO*-<-4Aq.    380 


lOO'OO 


100*00 


This  salt,  when  boiled  for  a  long  time  in  the  liquid,  gives  ofif  ealpliti 

acid  and  becomes  lighter  in  colour*     In  this  state,  Bottii         '  nd  i 
contain  ^^H  p.  c.  Cu'O;     Hence  may  be  explained  the  T 
obtained  by  different  chemibts  in  the  analysis  of  this  red  t^Ut. — A< 
to  Haninrelsberg,  its  formula  is  CuO,SO'  +  Cu'OjSOH  HO.  % 

F.   SULPHITK    OP   CtJFRIC   OxiDK,   Of    CuPBIC  St-LMIJTK. TKe  ^fttO 

lion  id  obtained  by  di^^solving  carbonate  of  cupric  oxide  in  oald  aqar^ai 
sulphurou.s  acid  consists  of  this  ealt;  it  mow  change^j  however,  e«pedillf 
when  heatedj  into  cuprous  sulphite  and  cupric  sulphate,  (Bertliier.) 

!      G.  HvrosrLpnATK  of  Cirrtic  Oxide,  or  Crrnic  Hvpo?- 
<!♦  i?wat/ro^a?(V.— Formed  by  n;ixing  the  aqueous  toluticin 
small    quantity   of    annneuia.       V^crdigris-coloured   precii*itatc.      1 
violel-juice  green.     Does  not  absorb  carbonic  acid  from  I  lie  &jr.     V 
heated,  it  assumes  firfct  a  dark  green  and  then   an  ocbrc^jelloi 
W'vy  sparingly  soluble  in  water,   (Heeren,) 


4CuO 

s»o* 

4HO 


CUPRIC  SULPHATE.  ^^^"  425 

h*  Monobasic . — Preparation  eimilar  to  tLat  of  tbe  eorrespondinij 
ferrous  salt  (p,  23C).  Rhombic  prisms,  having  the  Ijiteral  edges  inclined 
i  at  angles  of  about  108''  and  72 ^  and  with  dihedral  aummite  resting  on 
H  the  acute  lateral  edgee.  The  crystals  are  slightly  efflorescent,  decrepitate 
H  yiolently  when  heatedj  and  leave  52 '69  per  cent,  of  cupric  sulphate, 
H    Very  easily  soluble  in  water,  but  insoluble  m  alcohol.  (Heoren.) 

^^^  CuO    „._.„..... 40       „.       27-03        26-13 

^^B^  SW    „. „ 72       ....       48-65         48-10 

^^B  4HQ ,..        36         ..      24-32         ^547 

^^B  CuO»S50'+4Aq ..       ui       .  ..     10000         .      ,.       100-00 

V  H.  SoLPitATK  QP  Cupmc  Oxide,  or  Curnic  Sulphate. — a.  Octo- 
™^  hamc. — Formed  by  mixing  a  solution  of  blue  vitriol  with  a  quantity  of 
pota.?li  juat  sufficient  to  precipitato  all  the  copper,  hat  not  to  give  the 
li<iuid  an  alkaline  reaction — then  wajjhing  and  drying  the  precipitate. — 
Applc-grecn  powder.  Turns  blue  aud  given  off  water  when  heated. 
lO'TG  per  cent,  of  water  escapes  at  14!.*",  and  10'52  per  cent,  more 
between  HO^  and  260';  consequently,  (J  atoms  of  water  are  more  inti- 
mately united  willi  the  salt  than  the  other  six.  The  dehydrtUed  salt, 
when  placed  in  contact  with  water,  regains  its  fine  green  colour  and 
becomes  heated.  (Kane,  Ann,  Chim.  Phys,  72,  260.) 

8CuO ., „,„.....      320  6S'37 

SO* 40       .,.,         8-53         8*94 

12HO 108       ....      23-08  21-28 

m  gCiiO,S05+12Aq m      ,,„    100M)Cr 

b.  Quftdrohaslc, — Occurs  in  the  form  of  Bro**hau(Ue,  The  hydrate 
and  the  recently-precipitated  carbonate  of  cupric  oxide  are  converted 
into  this  salt  by  immersion  in  a  solution  of  hhie  vitriol.  (Proust,  -4.  GekL 
B,  567.) — 2,  The  same  salt  is  alt^o  formed  by  precipitating  a  solution  of 
blue  vitriol  with  so  small  a  quantity  of  potash  or  ammonia^  that  part  of 
the  solution  eliall  reuKiin  undecomposed.  (Proust,  Anii.  (kim.  32,  34; 
Berzelius,  Gilh.  40,  300;  Kiihn,  Sckw.  flO,  543.) — The  precipitate  carries 
down  with  it  a  quantity  of  sulphate  of  potash,  which  cannot  bo  removed 
hj  washing*  (Graham,  Ann.  Pkatyn,  29,  2i),) — 3.  By  boiling  a  solution 
of  blue  vitriol  with  a  quantity  of  zinc-oxide  not  sufficient  to  throw  down 
the  whole  of  it.  The  precipitate  is  free  fnini  zinc.  (Brunner,  Pof^^. 
15,  470- ) — 4.  The  same  salt  is  likewise  precipitated  from  a  solution  of 
blue  vitriolj  eupersatu rated  with  ammonia  and  exposed  to  the  air* 
(Kiihn.)  — 5.  It  is  also  obtained  by  treating  with  water  the  green  powder 
which  remains  on  gently  heating  the  sulphate  of  cupric  oxide  and 
ammonia.  (Kane.) — Pale  green  powder. — Does  not  dissolve  in  water,  or 
give  up  any  of  its  .sulphuric  acid  to  that  liquid.  Undergoes  no  alteration 
at  100' ;  at  a  higher  temperature,  it  gives  ofl*  water,  and  is  converted 
(after  first  turning  olive-green)  into  a  brown  mixture  ^jf  cupric  oxide  and 
monobasic  cupric  sulphate,  which  latter  becomes  hut  by  contact  with 
water,  and  may  be  extracted  by  it;  but  if  the  solution  thus  fitrmed  be  left 
to  stand  for  some  time  io  contact  with  the  cuj^ric  oxide,  the  monobasic 
salt  i«  reproduced.  (Proust.)  This  salt  gives  off  only  one  atom  of  water 
at  the  melting-point  of  lead.  (Graham  )  According  to  Kane,  no  water 
guee  off  below  141)^,  but  at  that  temperature  the  whole  is  evolved;  the 
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CUPRIC  SULPHATE. 


d,  Monohoik, — Sulphate  of  Copper ^  Blue 
Capriati  Vitriol, — Occurs  here  and  there  as 
mation. 

Formation^ — 1.  When  copper  is  immersed  for  half  a  year  in  an 
aqoeoua  solution  of  sulpburoiia  aciJ  coutaincil  in  a  close  vesselj  cuprio 
smphato  and  sulphide  of  copper  are  formed^  and  the  ncid  losea  its  odour, 
(Barriiel.) 

2Cu  +  280=  =  CuO,  SOa  +  CuS, 

2,  Copper  heated  with  oil  of  vitriol  yielda  cupric  sulphate  and  sulphurous 
acid  gaa  : 

Ca  +  aSO*  =  CuO,SO«  +  805! 

1  part  of  the  sulphnrous  acid,  however,  acts  on  the  copper  as  in  (1),  eo  that 
the  cupric  sulphate  produced  is  mixed  with  wulphide  of  copper.  This 
sulphide  of  copper  appcMra  to  constitute  tlie  black  powder  which  Ber- 
melius  {Ann.  Chlm.  P/n/s,  2,  228)  supposed  to  con^^itlt  of  cuprous  sulphate. 
Even  at  ordinary  temperatures,  sulphuric  acid  kept  in  contact  wnth 
copper  in  a  close  ve,^!^el  slowly  produces  cupric  sulphate,  with  simul- 
taneous formation  of  sulphide  of  copjier.  (Barruel,  /.  Pharnu  20,  \'k) — 
Coppcr'tiiniin^  and  oil  of  vitriol  placed  ton^ethcr  in  a  vessel  completely 

*  filled  with  the  litpiiil,  and  closed,  exhibit  the  folio wiuiii;  phenomena  : — 
At  the  end  of  one  week,  a  pale  rose-coloured  liquid;  after  3  weeks,  the 
liquid  decolorize"],  the  copper  Btill  bright;  after  8  weeks,  a  suiall  quantity 
of  brownish  powder,  consisting  of  aulphide  of  copper,  deposited  at  the 
bottom  of  the  ve.s.sel;  thi.s  powder  continues  to  increase  in  quantity  up  to 
the  fifth  month,  and  liually,  transparent  and  colouHesa  crystals  of 
anhydrous  cupric  sulphatOj  which  form  a  blue  solution  in  water,  aro 
deposited  on  the  sides  of  the  vessel.  After  the  lapse  of  six  months,  tho 
colourless  liquid  emits  a  strong  odour  of  sulphurous  acid,  and  turns  blue 
when  mixed  with  water,  showing  that  it  contains  auhydroua  cuprie 
sulphate  dissolved  in  oil  of  vitriol.  Hence  it  appears  that  the  sulphuric 
acid  is  slowly  decomposed,  yielding  cupric  sulphate  and  sidphurous  acid; 
and  the  latter  is  at  first  wholly  expended  in  forming  (according  to  1) 
sulpbide  of  copper  and  cupric  sulphate  with  the  rest  of  the  copper. 
(Barruel.)  Even  a  mixture  of  <>0  drops  of  oil  of  vitriol  with  0  ounces  of 
water  inclosed  w^ith  copper  in  a  bottle  for  69  days,  yields  a  liquid 
which  is  colourless,  but  turns  blue  on  the  addition  of  ammonia,  w^uilo 
the  copper  becomes  covered  with  black  cupric  oxide  [.sulphide  I  J. 
(J,  Davy,  X,  EtUnb.  Phil.  J.  S,  22d.)^*i^.  If  the  air  has  access  to  the 
liquid,  the  copper  gradually  takes  up  oxygen  from  it,  and  dissolves  in  the 
sal[diuric  acid,  whether  it  be  dilute  or  moderately  concentrated,  — 
4,  Disulphide  of  copper  heated  in  the  air  forms  cupric  sulphate  and  free 
cupric  oxide.  Kven  at  ordinary  tempcraiurcs,  many  copper  ores  con- 
taining sulphide  of  copper,  yiclS  blue  vitriol  by  contact  with  air  and 
water. 

Prtpnraimru — 1,  By  heating  1  At-  copper  with  at  most  2  At,  oil  of 
ritriol  till  the  residue  is  dry—then  exhausting  with  hot  water,  filtering 
from  the  copper  and  6ulphi<lo  of  copper,  and  cooling  the  filtrate  till  it 
crystal  I  iJEcs.  32  [>ts.  copper  require  98  oil  of  vitriol;  wbich  may  be 
diluted  with  one-third  of  its  weight  of  water,  —  2.  By  heating  3  At. 
copper  with  3  At.  oil  of  vitriol  and  I  At.  nitric  acid  together  with 
water : 

3Ca  ^  aSO'  H^  NO*  ^  3(CuO,  SO'J  +  NO*. 
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The  salt,  when  dissolvoJ  in  water,  has  xni  astringent  metallie  tasto  aod 
reddens  litmus. — At  a  ^tronf^  red  hoat,  it  gives  off  all  it ^  acid,  partly  in 
the  form  of  .sulpluiroiis  acid  and  oxygen  gas  (Gay-Lussac),  partly  an 
anhydrous  sulphuric  acid.  (B ussy.)— By  hydrogen  at  a  red  heat,  it  is 
reduced  to  tlie  state  of  metallic  copper.  (Arfvedson,  P^^il*  1»  7^-) 
Heated  to  dull  redue^^s  with  excess  of  charcoal,  it  gives  off  carbonic  and 
finlphnrous  acid  gasea  in  exactly  erpial  volumes,  while  copper  free  from 
sulphur  remain  $  hehind: 

CuO»  SO'  +  C  =^  Cti  +  SO'  +  co\ 

At  a  higher  temperature,  a  violent  disengagement  of  gas  takes  place,  and  a 
mixture  of  metallic  copper  and  snlphido  of  copper  remains,  because  the 
sulphurous  acid  gas  evolved  in  the  inner  and  less  heated  part  of  the 
mixture,  acts  upon  the  copper  and  chareoat  in  the  outer  portions,  in  such 
a  manner  as  to  fonn  sulphide  of  copper  and  carbonic  acid.  {Gay-LnssuCj 
X  pr,  Chein.  11,  69.) — When  gently  he«ted  in  a  stream  of  phosphnretted 
hydrogen  gas,  the  salt  gives  off  water  and  sulphurous  acid,  turns  brown, 
and  is  finally  converted  into  a  black  mixture  of  p!iosp!ndo  of  copper  and 
Tariable  quantities  of  the  disulphide*  (H.  Hose,  Po(^(f.  24,  330.) — The 
aqueous  solution  added  in  excess,  colours  pentasulphide  of  antimony 
brown,  and  if  boiled  fur  snme  time  with  that  substance,  yiehla  a  mixture 
of  black  sulpliantimoniate  of  copper  and  white  antimonic  acid.  (Ram* 
melsberg,  Fogg.  52,  241): 

15(CiiO,SO»)  +  8SbS*  =  3(3CuS,SbS^)  +  3SbCH+  15S0^ 

(For  the  decomposing  action  of  zinc  on  the  aqueous  solntiun,  see  p.  409.) 
—Crystallized  blue  vitriol  dissolves  in  aqueous  hydrochloric  acid  with  a 
reduction  of  temperature  amounting  to  about  17^  and  forms  a  green 
liquid,  which,  when  formed  by  tlie  action  of  at  least  1  atom  of  hydro- 
chloric acid  on  1  atom  of  blue  vitriol,  yields,  on  evaporation  and  cooling, 
crystals  of  pure  liyd rated  chloride  of  copper,  the  whole  of  the  sulphuric 
acid  remaining  in  the  mother-liquid  in  the  free  state.  No  sulphate  of 
copper  crystaliixes  out  unless  the  proportion  of  hydrochloric  acid  is  less 
than  one  atom.  If,  however,  the  crystallized  chioride  of  cojiper  is  left 
for  some  time  exposed  to  the  air  in  contact  with  the  mother-liquid  which 
contains  the  suljdiuric  acidj  crystals  of  blue  vitriol  are  reproduced  [in 
consequence  of  the  evaporation  of  the  hj^lrochloric  acid?]* — Cupric 
fiulphate  containing  no  water,  or  only  1  atom,  absorbs  rapidly  and  with 
great  evolution  of  heat,  a  quantity  of  liyilrochloiic  acid  giis  amounting  to 
nearly  one  atom:  no  water  is  set  free,  but  a  dark  clioculate'colourod  nmsa 
is  formed,  which  rapidly  gives  off  all  its  hydrochloric  acid  at  a  higher 
tempenitnre,  but  when  dissolved  in  water,  yields  crystals  of  chloride  of 
copper  and  a  mother-liquid  containing  free  sulphuric  acid.  When  hydro- 
chloric acid  gas  is  passed  over  ordinary  bhie  vitriol  (containing  5  At. 
water)  in  the  state  of  powder,  great  heat  is  evolved,  water  is  given  off, 
and  tlie  salt  rapidly  absorbs  rather  more  than  I  atom  of  hydrochloric  acid 
(in  consequence  of  the  water  being  set  free)  and  forms  a  grass-green 
mass— brown  where  the  snlt  has  been  most  strongly  heated — which 
fumes  strongly  from  evohitiofi  of  hvdrochloric  acid,  and  is  very  add  and 
deliquescent.   (Kane,  PhiL  MiOj.  /  8,  353;  also^/r?i,  Pharm.  19,  1.) 

In  the  humiil  way.  cnpric  sulphate  r<jsolves  itself  with  sal-aniniouiac 
into  sulphate  of  cupric  oxide  and  amnion ia,  and  protochloride  of  copper 
(A.  Vogel,  Karsten);  with  common  salt,  into  sulphate  of  cnpric  oxide  [and 
soda  1]   and  protochloride  of  copper    ( Bousdiugault,  Ann,  Chivu  Phys, 
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^1,  ddO);  witli  nitrate  c^fN>taali  oc  mmI^  into  <a)filttte  of  copm  oiidb 
potash  or  iodi,  md  nltimle  of  otprie  oxiiie  (Kjusfcea). 

CnDOi^ttMBei^M  mik  Wattr. — ^Wlken  enprie  folpfattlo  whieli  hm 
dell jdimtod  lij  ImsI  b  aioistiesed  with  water,  the  water  »  ahootlieil, 
lanperaUfe  riaca  195^,  mad  tlie  salt  aei|«iri«  a  Uoe  eoloar.  (Graham^J 
Wbes  exposed  to  moirt  air  lor  9  daja,  k  takei  ap  tJb#  5  alOM  of 
bdon^ng  to  ofdhiary  Una  rilxioL  (BruidM^  &Aw.  SI,  43B*} 

»,  Mono-ijtdrai^d^ — Bemaiaa,  w^ea  Ibe  penta-hjilrated  aalt  h  imibii 
in  racQO  to  SS%  in  the  form  of  a  srvenkli-whit^,  frialfia  iiiaa9»  whidt^  it  t 
temperatiire  between  f^V  and  24^2^,  gi^es  off  tU  last  atom  of  water  sad 
becomea  white.  (Gtaham,  FhiL  Mag.  J.  e,  419.) 

^-  Bi'hydrated, — The  peata-hjdiated  ealt  kepi  for  7  d»T»  n»  taew 
orer  oil  of  ritnol  at  a  ieropeffaiare  hetwe^  19'  and  21%  loeea  aodi  a 
qoantit^  of  water,  that  17*^36  parta  (oeariy  2  At)  of  water  i«Maii 
combioed  with  80  parts  (1  At.)  of  the  anhTdroos  ealt. 

y.  Penta'hffdnUtd. — The  oidioanr  form  of  capric  eulpbatc. — S^pualM 
from  the  aqueons  eoh'  •ooliDg^  in  azure-blaej   traiurp«reDl  ^ 

betoDgiDg  to  the  doiJ  ,ue  pri^oiaiic  ^stem.     Fi^^  121,  1^2;  I 

and  otber  forms.  y:u  — luu'  32*;  y:r=l28  37';  u:r=124  2';  «:as 
150^  20';  t* :  ir^i26'  iT,  kc  Cleavage  iadietinct,  DaraUel  to  ^,  «,  aaJ 
»,  (Haaj.)  Sp.  gr.=2*274.  (Kopp)  The  etyslaU  efflofeaoe  oa  ik 
eaifoce  in  dry  air.  They  dissolTe  in  S  parts  of  cold  and  |  pi.  of  botBiy 
water.  One  part  of  the  crystals  difieolves  at  4"*  in  3*32  pu.,  at  ]9'ii 
2  71,  at  3r  in  184,  at  375**  in  1'7,  at  50'  in  1  14,  at  62*5^  in  1  27[»I.il 
75*'  in  107,  at  87  5''  in  075,  at  100''  in  0*55,  and  at  104''  in  0-47  paruof 
water.  (Branded  &  Fimhaber.)  The  crystalB  dissolve  at  17*5'  in  2*l|t 
part«  of  water,  forming  a  solution  whuse  density  m  1*182.  (KarsteiL)  A 
solution  saturated  at  8^  has  a  density  of  V\7.  (Anthon.)  Glacial  ao(tk 
acid  completety  precipitates  blue  vitriol  from  ita  aqne^inj  aolatka 
(Persoz.) 

Thomson*     Benrlia*,         Procut. 

CuO  iO  3i  yi  3213  32       ..      ll 

80*   >  :  -  3157  .       33  31 

5HO  IJ  Zb  3u  36*30       .  35  2i 

CttO,SO>^^Aq.        123  100  100    .        tOOOO         .,     100 

The  native  blue  vitriol  from  Chili  oootaiiia  lanall  qoaotiljea  of 
iulphates  of  ferric  oxide^  lime^  magnesiay  and  alnmina.  (11.  Ro*ej  Px 
27,318.) 

The  colourless  solution  of  anhydrous  cupric  sulplmte  in  oil  of  vitnol 
acouircis  a  beautiful  violet  or  violet-blue  colour  by  contact  with  nitric 
oxide  gae.  The  liiiuid  i^  immediately  dc<coloriziHl  by  dilotioa  with 
water,  and  likewii^  by  oxidizing  ageuU,  &uch  ad  by|jouitne  add,  nitrie 
acid,  nitratca,  and  manganic  sulphate,  but  not  by  nitrites.  (DesbaAins  dt 
Richemont,  J,  Chim,  M^d.  11,  504.)— Jacouelain  f^.-vira/  r^.,,J  jj,  ^ig) 
was  unable  to  produce  this  violet  commund*  and  nre  of 

^cen  vitnol  in  the  blue  vitriol  useci  by  T)esha>>^'.u..  .**,»  Uiv  ,-.*i4>ur  ii 
quite  different,  and  iii  produced  even  in  pure  blue  vitriol  dilfttaed  tltrtiagl 
rectitied  sulphuric  acid.  (Gm.) 

h  Carhoiulphtde  of  Copper  i — When  bisulphide  of  carbon  iti 
ovrr  red-hot  copper,  the  carbon,  according  to  Cluacel,  ia  ^epaiateil 
depof^itcd   on   the   surface  of  the  ciip|)cr;   *  rdiiig  to  BorarfiM 

Theuurd  k  Vauquclin,  the  bisulphide  of  *  mbiuw  aa  a 
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witli  tlie  copper,  forming  a  eljining  black  aubstance,  whicb,  wlien  treated 
with  Ditric  acid,  leaves  a  residue  of  charcoal, 

K.  ScLPHOCARBOKATK  OF  CoppER. — CupHo  salu  yield  with  BulpLo- 
carbonate  of  calcium  a  dark  brown  preeipiiale,  soluble  and  forming  a 
dark  brown  solution  in  excess  of  sulpliocarbonate  of  caleiuniT  black  after 
drying;  wbeii  diiftilkil,  it  first  gives  oil'  bisulpbide  of  carboUj  tlien  sulpbur, 
and  leaves  disulpbide  of  copper.  (Berzelins.) 

L.  Crrnors  H YPosuLPiiopiiospoiTE,  — a,  — Bllmk.  — 2Ctj'Sj  PS.  — 
Remains  in  tlie  form  of  a  liver-cu loured  powderj  when  tlio  cumpoixnd 
2Cii*S,PS'  is  ignited  in  a  retort. 

5.  Monobasic. — Disnlpbide  of  copper  docs  not  combine  with  protosd- 
pbide  of  phospborus  when  the  two  are  beated  together j  but  when  the 
following  coinpoutid  (M)  is  ignited  in  a  retort^  PS  is  first  e  vol  red,  thcu  a 
eulpbide  of  pbos^pborus  ricber  in  sulpbur,  and  there  remains  a  bver- 
coloured  powder:x;Cu'S,PS,  wbieb  a.ssumes  a  lighter  colour  when  rubbed, 
and  if  ignited  in  the  air,  is  convertedj  with  faint  glow  (but  without  pbas* 
pborne-tlamt'),  into  sulphurous  acid  gas  and  a  black j  oxidized  mass, — Tbe 
Bame  compound  in  produced  hy  the  action  of  VS  on  dicblorido  of  copper 
dissolved  m  ammonia,  (BerzebuB.J 

M.  CuPEic  Htf^osdlphopuospoite. — Protosnlpbide  of  copper  preci- 
pitated  by  sulphuretted  hydrogen  from  a  eolution  of  blue  vitriol,  then 
washed  with  water  freed  from  air  by  boiling,  and  dried  in  vacuo,  is 
treated  with  protosulphide  of  pbo^pliorus  in  the  bulb-apparatus,  ai^ 
described  in  tbe  preparation  of  jsulpbide  of  pbospborua  and  zinc  (p.  26). 
Combination  then  takes  plaeOj  attended  with  so  great  a  development  of 
heat,  that  the  excess  of  sulphide  of  phosphor ua  is  almost  instantly  distilled 
off;  what  remains  is  afterwards  expelled  by  tbe  application  of  a  xery 
gentle  heat.  Tbe  compound  is  left  in  tbe  tube  till  it  is  cold;  it  contain?^ 
a  few  granules  of  unconibined  sulphide  of  copper,  wluch  are  barder  than 
the  rest  of  tbe  mass. — Black-brown,  becoming  lighter  when  pulverized, — 
When  beated  in  the  air^  it  bums  with  a  pbosphorusi-tlanie,  and  leaves  a 
light  liver-colonred  powder.  When  distiOed,  it  behaves  in  tbe  manner 
mentioned  under  L,  6, — Insoluble  in  dilute  bydrocbloric  acid,  but  dis- 
solves to  a  slight  extent  in  that  acid  when  hot  ami  concentrated,  forming 
a  deep  yellow  solution,  from  wbtch  it  is  completely  precipitated  in  dark 
brown  flakes  by  water,  so  that  the  liquid,  after  dilution,  no  longer  retaiu,< 
a  trace  of  copper.  (Berzelius,  Ann,  Pharm.  46,  252*) 

Berzeliue. 
Ca  32*0  33-54  3757 

P 31*4       ,.,       32-92         30*50 

2S 32-0         ..       33*64         30-16 

CiiS,PS..~ 95^4       Z     lOO'OO  yS'Sf 

Ths  conpound  analyted  by  Berzeliuvj  being  mixed  with  a  riiiaII  quantirj  of  frr^ 
-wt/l/^^  df  flopptri  EIm  propordon  of  photiihorus  came  out  rather  too  fmiilb  and  that  uf 
t^gfpm  mtlier  tCM>  grest.  (Benelius.) 

N.  CiTpRors  ScLPHopHOSPHiTE.  —  Bibask.  —  Bisulphide  of  copper 

f>recipitateil  from  a  solution  of  blue  vitriol  in  excess  of  ammonia  by  soda- 
ivcr  of  sulphur,  is  wasbedj  dried  in  vacuo,  and  treated  with  protoijulpbido 
of  phosphorus,  in  tbe  bulb- apparatus  above  mentioned  (p.  26).     Com- 
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bisatlon  takes  place  in  tliis  case  also,  with  great  evolation  of  heat.  Tlie 
exoesB  of  sulpbidc  of  pbospborus  is  drireu  off  hy  a  very  gentle  beat,  s 
stream  of  hydrogen  being  passed  through  the  apjiaratiis  all  the  time* 
Deep  yellow  powder.  Heated  in  a  retort  to  commencing  redneVj 
giTes  off  2  atoms  of  eulphar,  and  leaves  the  compound  L,a(2Cu^F' 
May  be  aet  on  6 re  in  the  air,  and  bums  with  a  faint  pfaosphorii&-fUa 
being  converted  iuto  a  shining  mass^  which  smells  of  aulphuroas 
(Berzeliug.) 

Berzelhis. 

40i.„„« 128*0        ..        53*47         blhi 

P 31-4       ....       1311         ,.         1309 

5S 80*0       ,  .        33-42         33"17 

2Cq*S,PS«    ...       239-4       .  ..     100*00         ~  9980 

Th^  excess  of  Bulpdor  obtiuned  in  the  analysis  proceeds  from  the  adzmxtiire  ( 

small  quantity  of  2CuS,PS^,  (BeneliosO 

0.  CuPEic  SuLPHOPHosPiiATE. — <t,  Oetobask — ^Remains  in   the  for 
of  a  yellow  powder,  on  gently  heating  the  bibasic  compound,  L  (Berzeliui 

8Ca , 25eo      ..       51-67        ,. 5205 

?...*.*,,„„.....  31*4  6-34         ,  7-27 

1S8 , .       2ag'0  41*99  40-68 

8CaS,PS*    ...       495-4       Z     100*00         ZZ       100  00 

1.  Jiihasic, — 2CuS,PS^  —  Formed   by   gently   heating   2    atoms  wf 
CuS,PS  with  4  atoms  of  sulphur,  I  atom  o'f  PS  volatilizing. 

2(Ci»S,?S)^4S  =  2CiiS,PS*4^PS. 

If^  however^  the  heat  rises  a  little  too  high,  PS^  i»  given  oflTaa  well  as  J 
and  the  compound  O^a  remains.  (Berzelioa,  Ann*  JPharm,  ^B,  278.) 

Copper  and  S^lexium. 


A.  BisELENiDE  OP  Copper,  or  CcrpRotrs  Srlenidr. — Fooad  natJf 

Formed  by  heating  copper  with  aelenium,  the  combination  being  attend 
with  ignition  j  or  by  igniting  the  proto^clenide  in  a  close  rc&seL  Da 
steel-grey;  has  a  cloi^  fractnre,  and  fusea  at  a  temperature  cotmimMj 
below  redness.  When  heated  in  the  air  for  a  long  time,  it  gives  up  qbIt 
a  portion  of  its  selenium,  emitting  an  odour  of  horse-radiAh,  and  leariog 
grey,  brittle,  easily  fusible  copper.  {Bor«eliusJ 

Berzclius. 

Siualaiidr 
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B.    PROTOSELENIDE    OF    CoPPER,    or    CuPRlC    SeLE.\I1>K, By 

fating  blue    vitriol   with    Meleiiiuretted    hydrogen.     Black  flakes^*  w\A 
become  dark  grey  in  drying,  and  acquire  the  metallic  Insire  by  pmesarv. 
Gives  oflfhalf  its  selenium  on  distillation.  (Berzeliusi.) 

C  Cuprous  Selenite, — By  digesting  hydmted  euprou,   nvi  ii-   wafc 
aqueous  «e)enious  acid.     White  powder,  insoluble  in  water.  (Ikrtelia-.) 


IODIDE  OF  COPPER, 
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D.  CrPKic  Selenite — a.  Bask — ^ By  precipitating  blue  vitriol  with 

feclcntte   of  amiiiuuia   containing  excess   of  timiuonia.       Piftftacliio-grcoD, 

becoming  black  when  heated,  and  giving  off  Hrst  the  water,   and   tlien 

the  wliole  of  the  acid^  with  ititiiiiiescenee.    Insoluble  iu  water,  bat  soluble 

,  in  &Dinionia. 

I  h,  Miiiitmhuite. — On  mixing  a  warm  aqueous  solution  of  blue  vitriol 
'  ^\\\%  bi^clcnile  of  ammonia,  bulky,  curdy^  yellowihh  rt;ike.s  aro  produced, 

which  are  quickly  converted  (ijilowiy  in  the  cold)  into  sfiiall,  silky, 
rpreeuisb-blue  crystals.  When  heated,  they  give  off  wntorj  ami  become 
fliver-c objured  ;   theu  fui^e,  tura  blacky  and  give  off  all  their  water  with 

'©buUition.     lEsolnble  in  water  and  in  aqueous  ^selenious  acid-  (Berzeliua.) 


'T  According  to  Muspratt  (Ckem.  Soc.  Qn.  J,  2,  63) 
bright  blue  colour  when  dried  over  oil  of  vitriol. 
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E.  CopRic  Sklen'iate. — Crystals  iidoiuorphoua  wnth  those  of  the 
Bulpbate.  (Miti^chcrlicb,) 

^^^A.    DjNtoBiDE  OF   CoprEn,    or   Crpuous    Iodide.^ — 1.    Formed   by 

■^heating  finely  divided  copper  with  iodine, — 2.  By  precipitating  a  solu- 

tiijn  of  dicliloride  of  copper  in  hydrochloric  acid  with  iodide  of  potassium, 

(Sarphati.)     If  the    hydrochloric  acid    is   in  too  great   excess,   a   small 

portion  of  iodide  of  copper  remains  di.>5sr>lved  in  it;   and  if  the  rjuantity  of 

hydrochloric  acid  is  too  amall,  dicblorido  of  copper  may  bo   precipitated 

^together  with  the  iodide,  (Hnctiner.  NepfrL  78,  8.) — 3,   By  precipitating 

Va  dissolved  cnjnic  gait  with  iodide  uf  potas^iunij  half  of  the  iodine  being 

gA#  free  * 

2(CuO.  SO-'O  +  2KI  =  2(K0,  SO')  +  CuM  +  L 

The  precipitate  must  be  washed  with  alcohol,  to  free  it  from  adhering 
iodine.  (Berthemot.)  By  precipitating  a  solution  of  cupric  sulphate  in  a 
aufficient  quantity  of  aqueous  sulphurous  acid,  with  iodide  of  potasmum. 
(Duflos,  Ann.  Fharm,  30,  253>) 

2(CoO,SO»)  +  Kl  +  SO=  =  K0,3S0'+  CiuL 

5,  By  precipitating  the  aqueous  solution  of  1  At.  cupric  sulphate,  and  at 
Ictifit  1    At*    ferrouH   sulplmte,   with    iodide   of    potassium.    (Soubeimn, 
|t/.  Pharin.  13,  427.) 

2(CiiO,S0^j  +  2(FeO.SO3)  +  KI  =  KO,SO»  +  F«r0^.3SO>  +  Cii-I. 

According  to  Soubeiran,  iodide  of  copper  obtained  by  precipitation 
and  dried  at  4^,  contains  4  per  cent,  of  water,  so  that  it>  formnta  is 
Cu'I-fAq.,  or  Cu-0,HI'^ — 6,  Becqnercl,  by  the  electrolytic  process, 
(1^401)  obtained  iodide  of  copper  in  octnhedrons. 

Iodide  of  copper  obtaincil  by  precipitation  is  a  brownish-white  powder. 
When  lieatedj  it  gives  off  4  per  cent,  of  water,  and  at  a  red  heat  fuses 
into  a  brown  ma$s,  which  yields  a  green  powder,  (Soubeiran.)     It  U  but 

VOL.  V,  '  %lt 
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copper  is  obtained  in  the  form  of  a  fused  moM*  (Bertliemot,  Ann^  Chim. 
Pky9,  44,  3K5;  ako  J.  Pharm.  10,  «5L) — 2.  By  igniting  protoWomidd' 
of  copper.  (RamBiclsberg.) 

By  precipitation:  white  powder  j  after  fusioB  :  greyiah-brown  mass 
(LSwig);  greenish- brow II  ma.sSj  haviug- a  crystalline  fracture,  and  trans- 
Inceot  when  in  thin  lamina}.  (BertbeTnot)  Fuses  at  a  red  heat,  but  does 
Dot  volatilize  if  ]i edited  iu  close  vessels,  and  with  difficnity  in  an  open 
Tessob  (Lowig)  In  a  close  vessel,  it  may  be  heated  strongly  ivitbr>ut 
decomposition;  but  when  b  cafe  J  in  the  air,  it  gives  oflT  vapours  which 
impart  a  gree7i  Cfdour  to  the  flame  of  alcohol,  and  leaves  a  residue  of 
cupric  oxide,  (Bcrthemot,)  DiK'^olves  in  nitric  acid,  with  evolution  of 
nitric  oxide.  {Lbwig.)  Dissolves  w^ithoutdccoiupofiition  in  arjueous  hydro- 
broinic  or  hydrochloric  acid  Dissolves  in  ammonia,  hnt  not  in  water. 
Not  decomposed  by  boiling  oil  of  vitriol  or  acetic  acid,  (Berthemot.) 
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Hydro BROM ATE  op  Dtbromidk  op  Copper,  or  Acti>  Hvdrobromate 
OF  Cuprous  Oxide. — Dilu'omide  of  copper  fonna  a  colourless  solution 
with  concentrated  bydrobromic  acid.  This  solution  yields,  with  green 
vitriwl,  a  precipitate  of  mptallic  copper. 

Cu^Br  *-  3(FeO,  SO^  =  2Cu  +  FeBr  +  Pc^O*,  3S0». 

From  a  solution  of  protobromide  of  mercury,  it  throws  down  dibromide 
of  mercury,  and  from  a  solution  of  chloride  or  bromide  of  gold,  it  precipi- 
tates raetidlic  gold.  Water  decomposes  it,  throwing  down  dibromide  of 
oopper, 

B.    Aqfeous    Cuproso-cupric    Bromide,    or    Hydrobromate   op 

CuPRoso-cirpRic  Oxide, — When  an  atiucous  solution  of  protobromide  of 
copper  is  slowly  evaporated,  it  gives  oil  bromine^  and  is  converted  into  m 
dark  brown  lit|uid,  which,  on  the  addition  of  water,  recovers  its  original 
^reen  colour,  and  yields  a  precipitate  of  dibromide  of  copper. 


C,   pROTonROjiir>j:   op  Coppfji,  or  Cuprtc   Bromide* — Formed  b 


id, 


evaporating  the  s(dution  of  ciipric  oxide  in  aqueous  bydrobromic  aci 
ttud  fusiuij^  the  residue  at  a  geutle  heat.  (Lowig.)  The  residue  is  iron 
black,  like  plumbago.  (Berthemot.)  If  the  solution  be  loft  to  evaporate 
ill  vacuo  over  oil  of  vitriol,  anhydrons  Bbining  crystals  are  ohtaiued, 
resembling  iodine  in  appearance.  (Rammelsberg,  Po(fg*  ^^t  246.)  — 
According  to  Berthemot,  protobromide  of  cojiper  gives  off  half  its  brouiiuo 
even  below  a  retl  heat;  according  to  Ramnielsborg,  it  gives  off  36 '8  per 
cent.,  and  leaves  dibromide  of  copper. 
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Ift/draUd  Protobromide  of  Copper,  or  Ilydrohroniate  of  Cupric  Oxide. 
— The  emcrabl-grecn  solution  of  cupric  bromide  in  water,  or  of  cupric 
oxide  in  aqueou.H  bydrobromic  acid,  or  of  copper  in  a  mixture  of  bydro- 
bromic aad' nitric  acids,  becomes  brown  on  evaporation^  and  yltildsi  xxajix^ 
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at9c.  yxOaF  ^7*ij5t3K-^  rcrisa^-jrvm  fTTAals.  vKkIi  do  not  efflorefcf  is 
lJ«f  *:?,  Kci  ox  XT  x  t:fc,-o:  -^nw  »-cI  c.f  rriRoL  rieMinir  «  gweniA  white 
|v''*>if?'.  A I  ISO  .  :if  T  r'^f  'if  tht  £Tvai:«*  mri  of  ibeir  wmler,  icqolriif 
A  <3»r^  <\jk:«r  a:  f -^  i:  iVv  .  ^iw  w*>.je  i/'ib*  vater  c«*  off,  toffothff 
w  :i  rr.-.TT  rstf  A:  *  r:f-£  :-r%z.  :!*•:*  7nca5&s  a  mixtiiK  of  oxide  icJ 
c.iTtc.Tr.>.>f  :S  ^^'T^^r*.  iir:iTi.ic  t:   t»e:we«s  25  as  J  28  per  renu,  «"ljifl 
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A.  DiCHLoRiDE  OF  Copi'ER,  OF  CuPROua  CHLORIDE. — Boyle*6  Rfsitia 
Cupri.^-l,  Copper  filiogti  aiid  cupper  foil  introdaeed  into  chloriae  gas  at 
orditiiiry  temperatures,  burn  witli  a  red  light,  and  form  dicljloride  mid 
protocLlijriik  of  copjicr.  (J.  Davy,  6'€hu\  10,  31  J.)  Copper  reduced  froui 
the  carbonate  by  liydrogen  gas,  buriiii  in  cbloriue  ni  urdinarj  tempera- 
tures  witb  a  wbite  liiime.  (Oauniu) — ^2.  Cupper  beated  witii  prutuflilurido 
oi  mercnryj  yields  viiptjur  uf  mercury  and  diebloride  of  cupper.  (Buyle.) 
Tbe  deconipuftiliun  takes  place  most  readily  with  I  pt.  copper  to  2  jita. 
eorrotiive  sublimate.  (J.  Da^^j.)  J^Iore  exactly,  64  pts.  {2  At )  copper  and 
136  pt^-  (1  At.)  corroijive  suUiniate. — 3,  A  plate  of  copper  immersed  in 
bydrucltlijric  acid  iu  a  tlusk  cunlEiiniDg  air,  becomes  covered  wjtb  white 
tetrahedr<aid  of  dicblurido  of  Ci>pper.  (Proust.) — 4.  Tbe  coinponud  may 
also  lie  formed  by  agitatiug  copper-filings  with  a  solution  of  the  proto- 
col ori  do  in  a  cloae  veiswcl  (Proust) : 

CuCl  +  Ca  =  Cu'CI. 

5.  By  precipitating  the  aulphate,  hydn>cbl orate,  nitrate  or  acetate  of 
cupric  oxide^  with  aqueous  protochloride  of  tin,  or  by  treating  the  bydrato 
or  carbonate  of  cupric  oxide  with  protoeh bride  of  tin  dissolved  in  hydro- 
chloric acid.  (Proust) : 

2CuCl  +  SaCI  =  Cu=Ct+  SnCR 

6*  By  treating  aqueous  protochloride  of  copper  with  phosphorus,  ether, 
augar,  &c. — 7-  By  heating  the  protochloride  in  a  retort  fur  a  considerable 
time;  digesting  the  residue  witb  water  for  several  days  with  the  retort 
closed,  to  dissolve  out  the  un decomposed  protochloride;  and  pouring  off 
tbe  resulting  solution;  the  residue  consists  of  dichloride.  (Proust.)— 8.  By 
agitating  pulverized  dioxide  of  copper  with  hydrochloric  acid  in  a  close 
veaseb  (Proust,  Cbeuevix.) 

When  obtained  by  precipitation,  it  presents  the  form  of  a  white 
crystalline  powder,  which  acquires  a  dingy  violet  and  blackish  blue  tint 
by  exposure  to  *^unligbt.  (Proust.)  CrystallijECs  from  its  solution  in  hot, 
concentrated,  hydrochloric  acid  in  white  tetraliedrons  (Proust),  which 
turn  bluiijh  when  exposed  to  light.  (Mitscherlicb,  J.  pr.  Vhtm,  IJ),  440.) 
According  to  J.  Davy,  it  separates  in  olive-green  prisms.  Fuses  some* 
what  below  a  red  heat,  and  when  slowly  cooled,  solidifies  in  a  translu- 
cent, light  yellow  nia-^^s  (greyish -white;  Proust);  the  residue  obtained  by 
rapid  cooling  is  of  a  dark  brown  colour,  and  confused  texture*  (J,  Davy,) 
Specific  gravity  of  the  melted  ma«s  =  3  677*  (Karsten.)  (A*,  however,  it 
was  obtained  by  t'u?<>ion  of  tW  |>rotocb!or)<lep  it  imiy  perlitijis  lifive  coiitdned  some  of 
that  coinjiouiul ;  Grn.)  In  close  vessels  it  does  not  volatilize,  even  when 
very  strongly  heated,  but  if  heated  in  tbe  air,  it  goes  off  in  white  vapours. 
(J.  Davy.) 

J,  DftTJ, 
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kMOei  t»  iB^Bot  im  m  stnoi  of  hydwogcn^  li  b  eooTerted  i 

I  WiwniiMw  wmA  pv;  ia  «»  ■>■  flUikiu  of  pliOffp1iiii«i 

,  k  jmMi  —  Brtfc  fhiipkiie  of  Hipper  aad  lijdrodilohe  adi 

^      A  11^  €,  M5.)     Wilk  nmi-iliiigv  wder  vmter,  it 

riM  lahilUi  gtiKiUwIilu  rf irog,  (Prmi«(.)    Fermi 

■•   BMBBBP  •»   AcUODK   W   CMI|l|MBr    til    liynPOClllOI1<^ 

Etdfire^fer.  (BriiiilL)     l>icy!nri<le  of  coppet  tnmi 

(^MaMt)  Wilk  iMii  Winii  vf  ftint,  m  %hm  aqnecitu  ftolatiofi  «f 
MfeiA.  ii  jifiii  finir  of  Mfffur  aai  cUovvie  of  potMitttn.  FrfMHtH 
wWb  opHtd  i»  tfe  war  m  lim  irw  sIbIp^  it  siov^Iy  ftltmcts  isobUiR  aol 
tHM  gmem:  tt  tke  sMi  flteftr,  it  k  ^vkklr  oooreti^d  into  a  gfeeii  fDm. 
(Tiwl)  WU  vtiie  iti4,  it  few  im'a  rkjlot,  mod  tken  m  Uae  mU- 
tht  maim  hmmg  litwiiii  witk  pfmit  liae  of  temporal  wo  aoil  riokfll 
iiMO  flf  oiiiir  iniii  (Fniioil  )  A  nixttLre  of  diddorid^  of  eufm 
\  oi  «f  vibiil  wmmmn  m  fciai  violet  eoloar  wbeo  ctirend  with  m  taifl 
]^9«r  of  teoiii^  wnc  oi^d.  (G«l)  TW  bjitrodUorio  add  mliiluNi  of 
»  of  Oivpv  iMpoili  a  Uae  ookar  to  aftolylMiio  acid,  dooolotiiai 
■  Uat^  tkiws  dows  ealoowl  ffom  a  sdatiao 
I  ■liiMi  fald  firom  a  aatatioa  of  |tk 
pfor  doot  ao«  dfanoif  ia  waior,  or  ia  dikfii 
vilkMt  ooloar  ia  mtoitg  hjdtwMmm  wtiif 

**  ^liZSL^jSTTiAwoi^^  oImZ!  or  AtidBydroiUm^i 

Gmnm  Cbadk — Fonaod  Vf  &BolTi]i|r  dkUorido  of  ooppor  b  ilratf 
liiiiiililMiii  add;  or  hf  ^^Smamm  tho  acid  ia  a  dooo  ▼aoool  with  dlttMi 
of  ■»! 1 61,  or  viijk  a  lalstvo  of  lio  prolosido  aod  oxcooi  of  lotaBii 
by  ^fflida|oappoMinio  viUi  a  oolataoa  of  Iho  piolookhifUi 
kjiiooUorio  acid;  or  hj  toixioi^  tJio  aHOt 
—11^  il  to  tlM  pm'r  lajsL — Tbo  oolooflM 
jmb  of  dUdorido  of  copper  oa  oooGrf. 
,  wbcB  BisRd  vHli  a  eoaddenUe  qauvtity  uf  wal^,  deaoiilf 
art  of  thi  diAkride  ia  Ike  tom  of  m  white  powdiir.  (PlmMl, 
Wh^.  X  8,~4M;  also  J.  MU.  %  571L)  SomU  oaaaltiM  of  iimnor 
added  to  tlw  aolatioa,  prodocc  ttaaeoartni  oalw  if  dkhlorido  of  mmm 
wmk  aABoaloa^  vliek  dioMlio  ia  a  laigor  ^aioitQr  of  maitnoans  6vMf 
aooloarlooi  lifatd  mlUk  tam  Uao  oa  azpooan  la  Um  air.  VbaiiM 
ailrwacid  iiaparts  io  Oio  aolalioa,  a  dark  ^mairiHlMviro  ealoar,  vUA 
wAirvaido  dtaagOB  to  Toifow^  witk  otolalloa  of  aitrooo  pa  (On.) 

BL  Crwac  Oxiot  wtth  Crriwrs  Cbumui»& — CaH7l»  SOiOt-^m 
londaookttood  bj  hcaiiagooprio  o^oUoride  (CoOO,  dCttO).  FnMit. 

C  A^raors  CrrBooo-crpaic  Cu^amii^  or  HnmooiiJiMLATi  <v 
OvFftoao-GirrBic  Oxi0&. — Foaad  hy  oipoohag  tko  oolMicm  of  oapfow 
oxide  in  excess  of  kydiocliloric  add  io  tKo  airj  bj  mlx^  ibo  mm 
oolutioa  wilk  a  oolutkoo  of  protocbJorido  of  copper;  or  by  igitalctt  tW 
latlrr  with  a  saall  i^oiiilily  of  copper-filiag^*— Dark  mvwn  ^vL 
(Froost.) 

D,  PitoTQCitLoaiDK  OF  CoFPfiii,  Of  Ctpric  Ciiix>ama. — 1.  FamMd  ly 
Ibo  eomhaelMMi  of  copper  in  chloriae  ga^ — 2.  DicUorido  of  copper  io- 
atrsid  in  chlorine  gas  is  slowly  converted  into  ibo  pioiocbbnia— 
^  Bj  heating  the  mono-hydiochlaiale  of  cnpric  oxido  naitwbil  tkfi 
2W. 
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Prepiired  by  (1)  it  forms  a  brown  sublimate,  by(3)j  a  browniab-jellow 
powder.  Fusible.  Has  a  caustic  metallic  lay  to.  At  a  red  heat,  it  g-ives 
off  half  iu  «hlorine»  and  is  couvertf^d  iato  the  dicldoride.  Heated  in  a 
current  of  pboji-phurelted  bjdrt>gtm,  it  yields  hydrocbloric  acid  gas  and 
triplioj*pliirIe  of  cupper.  Fused  witb  plio.spbnrus,  it  forms  chloride  of 
pliosphorus  and  phosphide  of  copper.  (H.  Rose,  P^(fg^  27,  117.) — Not 
decomposed  by  anhydrous*  sulphuric  acid  at  ordinary  lemperaturea. 
(H,  Rose,  /V/>/.  38,  12 L) — Oil  of  vitriol  does  not  decoinpu&e  it  at 
ordinary  t-emperatures,  but  completely  when  heated,  bydrochlonc  acid 
being  cvolvetL  (A,  VogeU)- — ^From  the  ocjueona  solution,  pho.'iplicirua 
throws  down  dicldoride  of  copper^  and  foruis  phosphoric  acid  (Boeck); 
tlie  winie  precipitate  is  likewise  produced  by  mercury,  \vitli  formation  of 
ilichloride  of  mercury;  by  eilver,  with  formation  of  chloride  of  silver, 
black  at  first  but  afterwards  white  (WetKhir,  Schw,  52,  475);  and  by 
protochloride  of  tiuj  with  formation  of  bichloride  of  tin.  Bichloride  of 
copper  is  also  precipitated  on  boiling  the  aqueous  solution  wkh  su^^ar, 
and  partly  rciuuius  dissolved  in  the  hydrochloric  acid,  protluced  by 
the  reaction  fA,  Vogel);  a  solution  of  protoohioride  of  copper  mixed 
With  ether  ana  exposed  to  the  8uu*8  rays  loses  its  colour,  and  on  the 
addition  of  water  yields  a  precipitate  of  the  dicblorido.  (Gelden,  A*  GthL 
B,  570.)  Heated  in  a  current  of  olefiunt  gas,  protochloride  of  copper 
yields  a  mixture  of  copper  and  dichloride  of  copper.  (Wohler.) 

Tlie  rcactiou  will  be  more  fully  described  under  the  head  of  Ottfiant  ^of. 

J,  Davy, 

Ctt .      32^0      ,  ..       4--48         47 

CI   „.^..,^. 35-4       >...       52-52         ..^■..         53 

CuCl  , 67*4       ....     10000        100 

Or :  Benselitts.  Gny-Lnstac. 

CaO 10*0      .  .       59'3&  5979  ..         6205 

l-O  27*4  .       40*65  40-21  37'95 

67-4       Z     100*00         TZ^       100-00         ~       lOO'OO 

Hydraied  Protochloride  of  Copper^  or  Mono-hydrochloraU  (ff  CupHo 
Oj-idi.—  l,  Protociiloride  of  copper,  when  e.xposed  to  the  air,  turns  green, 
and  finally  delitpiesce^  to  a  j^q'eon  li»|uid. — 2.  The  same  compound  h 
formed  when  copper  immersed  in  hydroehloric  acid  is  exposed  to  the  air 
for  a  considerable  time*  The  diehlorido  of  copper  and  cpiadrobasic  hydro- 
clilorate  formed  at  iirst,  are  converted,  by  longer  action  of  the  air  and  of 
hydroeidoric  Jicid,  into  a  green  stdution  of  protochloride  of  copper,—-^ 
3.  By  dissolvint^  eopper  in  aqua-regia. — 4.  By  dissolving  cupric  oxide  or 
carbonate  in  hydrochloric  acid.  The  solution  of  cupric  oxide  in  concen- 
trated hydrochloric  acid  is  attended  with  great  development  of  heat.  The 
emerald-green  solution,  when  evaporated  and  cooled,  yields  green,  right- 
angled  four-sided  prisms.  These  crystals  fuse  when  gently  heated,  giving 
off  water,  and  being  converted  into  anhydrous  protochloride  of  copper. 
(Proust.)  At  lOO-",  they  turn  brown,  and  give  off  the  greater  part  of 
their  water,  but  they  do  not  j*art  with  the  whole,  which  amounts  to  21*53 
per  cent*,  till  they  are  raised  to  a  much  higher  temperature.  (Graham, 
Ann,  Pharm,  2f),  31.)  Cold  oil  of  vitriol  likewise  abstracts  water  from 
them,  and  converts  them  into  the  brown  anhydrous  protochloride,  which 
it  does  not  dissolve  or  decompoee.  (A,  Vogel.)  The  cryatala  deliquefloo 
in  the  air. 
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..      37-471 
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40-84 
32-08 
21-08 

.„       100-00 
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The  solutiou  of  protocliloride  of  copper  in  a  small  quantity  of 
is  cmeraM-greeii,  luit  a  large  qoautity  turus  it  pale   blue.     lbcc<" 


water 
ccinccn- 

trated  solution  assumes  a  yellow  culoar  on   the  addilion  (*f  stroog  hydro- 
chloric  aciil.     With   oil  of  vitriol   it  sulniilies  into  a  brown  mosjs,     Cha* 
racters  traccil  on  pftper  uilli  the  solution  turn  y^'b'^'  when  boated. 
Protochloride  of  copper  is  likewise  soluble  in  alcohol  and  ctber. 

E,  CrPRic  OxYcnLoRrDK. — a,  CuCl,2CuO. — Ao  atjueous  solution  of 

protochforide  of  ropper  is  preeipitated  with  a  t[uantity  of  potash  not 
sufficient  to  decompose  the  wholo  of  it,  and  I  be  pal'3  green  precipitate— 
which  is  the  hydrated  compound— is  wa^^hcd  and  dried j  and  then  heated 
till  tlie  water  U  driven  off,  whereby  it  u  converted,  first  into  a  browo, 
and  then  into  a  black  powder,  (Kane,  Ann,  CAiVn.  iV*y«.  72,  277.) 

Kaiic. 

3Ctt „*..M^.-.m.         9C*0        ..       6A'13         63:8 

CI    ,„......„,„o......         35-4       .„.       24*01 23-59 

20 , 16-0       ,...       1086        10-77 


CuCl,2CtiO    ,       147-4 


100-00 


9a  14 


a.  Mo n 0 -h  If d rated.  — ^  C nCl , 2 On 0  +  A •  [ .  —  Re nmi ns  in  the  fumi  uf  » 
tdjocolatc-coloured  powder^  when  the  tcr-h  yd  rated  compountl  ^3  \b  kept 
for  some  tirae  at  a  temperature  of  ISS"",— ^,  Ter-hydratrd, — CuCl,2CuO  + 
SAq. — The  anbydrouij  compound,  when  1noi^tened  with  water,  becotnes 
very  hot,  and  assumes  a  linef^reen  colour,  brighter  than  Brunswick-green. 
— The  ter-hydnited  compound  heated  to  i:i8%  give»  ofT  1108  jicr  cent,  of 
water,  and  is  ct*nverted  into  a,  and  at  260  ,  it  gives  IG  83  p*  e.,  and  in 
converted  into  the  anhydruiis  ctimpound. — y.  Tttra-kifdratrd, — The  pal6 
green  precipitate  above  mentioned.  Of  a  paler  colonr  than  Brun^wici 
green*  Gives  otf  21-,>1  per  cent,  of  water  on  ignition,  and  if  aft^f 
wards  moistened  and  dried  at  .'?8^,  again  take^i  up  16-78  per  cenU' 
(Kane.) 

At*  «.  Rime. 

CuCI,2CuO  1  147-4       .  ,       9424  9355 

no 1  yO  5  76  6  45 


156-4 


CoCl,2CuO 
HO 


100-00 

84-53 
15-48 


lOOOU 

Kine. 
fi3W 
1683 


174-4 


100-00 


100  00 


h,  CuCl,  3CuO*^ — Obtained  by  gently  beating  the  hydraied  com]] 
Drown.     Gives  oft'  taygtm  at  a  red  iieat»  and  is  converted  into  a  con 
pound  of  protoxide  and  dicbloride  of  copper.  (Proust.) 

CttCbSCuO  =  Cu"Cl,2Ci*0  4^a 
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Hydi^Ud  Capric  OxifMoride,  or  Qiiadrohmk  I/j/drocMora(e  of  Cti^mc 
Ojcide. — Found  in  nature  aa  Atakamitr. — Piejjarci]  cni  tbe  hirge  scale  by 
method  (4)  as  BruNswick-i/rtejii  wliirb  forms  an  oil-colour  not  affected  by 
8un-ligbt.-— 1.  The  anbydruus  conipoiiiidis  reconverted  into  the  hydrate 
by  contact  with  water.  (Proust.)— 2;  Moist  dJcbloride  of  copper  exposed 
to  the  air  is  converted  into  a  green  mixture  of  hydrated  pmlochloride, 
which  may  be  extracted  by  water,  and  hydnded  cupric  oxycblorido ; 

aCu^Ci  +  30  =  2CiiCl  +  CuCl,  3CuO, 

3.  By  digesting  aqueotis  protochloride  of  copper  with  tke  hydrated  prot- 
oxide;  or  by  mixing  it  with  a  small  ([nanlity  of  alkali  (Prou&t),  euffi- 
cientj  however,  for  the  prccipitxtitjn  of  the  dissolved  salt,  (ivane.) — 4.  By 
oxpOijiiig  coppcr-foii  to  the  air,  moistening  it  repeatedly  with  hydroclilorio 
acid  or  ftolutiuo  of  fial-ammoniac,  and  exhau.sting  the  |»ruduct  with  water. 
—  The  artilicially-prepared  ealt  is  a  pale  green  powder.  When  gcutly 
heated,  it  give.^  oft'  water,  and  h  converted  into  the  black  unliydrous 
compound.  CVld  uil  of  vitriol  turns  it  brown,  and  separates  protoehloride 
of  copper.  When  heated,  it  givers  otF  hydrochloric  acid,  (A.  Yogol.) 
iDsoluble  in  water,  but  easily  soluble  in  acids. 

Atakamite  fornix  crystals  belonging  to  tlio  right  prisjUiatic  systenu 
Fi^,  47  and  61,  with  y-  and  traces;  u*  :  n  —  lVl  4j'j  cleavage  x*anillel 
to  t  and  yi  less  dibtinct,  parallel  to  p  and  a.  Sp.  gr»  =.4-^;  hai'dnesa 
ec[ual  to  that  of  calcspar.  Translucent^  emerald,  grass,  or  blackij^h-greeii. 
Colours  the  blowpipe- flame  blue  with  a  green  border,  fusing,  and  yielding 
a  Lead  of  copper  surrounded  with  slag,  (Berzelius  ) 


CuCl 
3CuO 
4H0 


CttCl,3CttO  +  4  Aq 223^4 


67-4 

1200 

36*0 


3017 
53-72 

16-11 


100-«0 


160-0 
36-4 
Z7'0 


71-62 
U'2'} 
12-00 


J.  Davy. 

naiirc* 

730 

16-2 

lO'B 


4CuO,UCl  +  3HO  223  4 


lOUOO 


4C«0^ 160-0       ..     71-7 

Cl-O. 27-4     ,..     12-1 

4H0     36-0     ....     16-2 


Benelius. 

ariifiemL 
71*62     , 
1227     . 
16-11     . 


Klftproih. 
naiive. 

.  73-0  .. 
.  101  ., 
.     16-9     . 


100*0 

Proust. 

native. 
70-5     to     76-59 
11-4     „     1064 
liSl      „      12-77 


223-4 


100-0 


300-00 


100-0 


1000 


100-00 


An  ore  from  Cobija  ditleriug  from  the  preceding  by  containing  a  larger 
proportion  of  water,  has  been  examined  hy  Berthter.  {Ann,  Min^Sj 
3rd  ser.  7,  542;) 


Cu ,.„. 

32-0 

.,       13*26 
..       14-66 
..       49*71 
..       22*37 

Bcrthier. 
13-33 

35-4       . 

H  92 

acuo 

OHO 

1200      . 

54 '0 

50-00 
21-75 

CuCl,3CuO  +  6Aq.    ... 

..,       241-4       . 

..     10000 

.....       100-OCP 

U2 

€,  OuCl|  4CuO, — ReTnaina  in  the  hydrate^  eiate»  and  io  the  fomiof  fl 
green  powdari  when  J^H^CnCl  i^  treated  witli  water.      When  beiaUdt  il 
giv&i  off  lie  water^  and   becomes  cliacolate-brown»   and   If   afterwifdi 
exposed  to  the  air,  regains  a  portion  of  the  waior  which  tl  hm  lost 
(Kane,) 

Hyiirahd,  Kutk 

&Cu,.,. 1600 

CI    .»       354 

40 82  0 

6110    b4  0 


Anhjfdrmti* 

5CtL.^ 160*0    *. 

CI    ,^ SS»4     .. 

40 320    . 


70^30 
15-57 
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56-06 
12-58 
U  37 
19  19 


liM 


CtiCl,4CaO       227'4 


100*00 


+  6Aq. 


281-4 


10000 


F,  Hypochlorite  of  CrrRtc  Oxide,  or  Cupric  HrpncoLORiTC.- 

This  salt  cannot  be  obtained  by  precipUatin^'  blue  vitriol  with  lij_ 
l-blorite  of  Hme,  inagiimcb  as  a  retiftioii  is  thereby  produced  similar  _ 
that  with  ziEc  (p,  31),  — It  is  formed  by  dissolving  cupric  oxid^  in 
aqueous  hy]«ochloro!i&  acid,  Tho  eolation^  when  dii*tilled,  gives  off  hypo* 
chlorous  acid  and  pro!>ably  also  free  oxygen,  and  leaves  a  fine  orecn  oi?- 
chloride,  whichj  when  treated  with  excess  of  cupric  oxido,  giv^n     "  t 

and  cbloriue,  and  is  converted  into  an  insoluble  oxy chloride,    i 
Cnprio  oxide  dbsolvea  readily  in  eblorine  water  (CKonevix);  tbi  i 

solution  contaiuf?  an  equal  number  of  atoms  of  cupric  oxide  u^ 
[CuCl  +  CiiO.ClOl,  and  decolorizes  indigo  after  half  aa  bourti  hi 
when  dietilledj  it  leaves  hypochlorons  acid.  (Balard.) 

G*  Chlorate  of  Cupric  Oxide,  or  Cupric  CHLORAxr. — A  jur 
chloric    acid    readily   dissolves   cupric    oxide,    forming    ii 
solution,  which  yields  green  crystals  haTing  a  elightly    -  -  -    .    . 
they  prodneo  a  green  flame  wben  thrown  on  glowing  coals,  and  delr; 
in   the   air,    (Vauquelhi.) — %    Aecordiug  to    Wachter     (Ann,    J 
52,  233),  chlorate  of  cupric  oiido  is  composed  of  CuO,  CJ(>*-i-6  A  4 
cryfetallizes  in  octohcdronsj  which  are  deliquescent  and  fioluble  in  :i' 
At  100^  it  13  decomposed,  giving  o3"  a  few  ga«-bubbles,  and  leavinjr  u 
substance  which  KufTers  further  deconipo!*ition  at  260%  and  is  jji     * 
water,   but  soluble  in   acids.     This  tjubstance  appears  to  be  a 
rate,  iuaemuch  as  its  solution  in  nitric  acid  gives  no  precipit%ii€  witli  i 
fiilver-ijalt  H* 

H.  Perchlorate  of  Cupric  Oxide,  or  Clprio  Perciilokatk-— 
The  solution  of  cupric  oxide  in  aqueous  perchloric  acid,  evajwrated  in  the 
hot-air  chamber,  yields  lurgc>  blue,  deliquescent  crystals  which  wUnA 
litmus.  Paper  taturated  with  the  solution  and  then  driod^  dc0agiml<i 
when  thro IV a  011  red-hot  coals*,  producing  vivid  sparkling,  a  blav  1^^ 
and  a  green  flame.  Soluble  in  alcohol.  (SeruUas,  Ann^  CAiim.  Afk 
4G,  3u6:) 

Copper  and  Fluorine. 


A.  Djpluoribe   of    Copper,    or    Ctpuors   Fluoride,  —  Hjiliiiri 
cuprous  oxtde  treated  with  excess  of  aqueous  hydrofluoric  acid,  10  ioin^ 
diately  converted  into  red  cuprous  duoridc,  which  mnut  bf*  collectf'^l 
filter,  quickly  washetl   with   alcohol,  and  then  pressed  and  drie<L— 
fusoi  when  heated,  appearing  biaek  while  in  the  liqui<l  *   .t  raeomiJi* 

its  acarlet  colour  on  cooling, — In  tho  dry  «?tatej  it  is  p'j  :  in  llitii^ 


COPFEK.AND  FLUORINE. 

but  wben  moist,  it  Lj  converted  first  into  a  yellow  mixture  of  cupric 
fluoride  and  bydrated  cuprouB  «)ittde: 


2Cii=F  +  0  =  2CuF  +  Cii'0, 

and  afterwards  into  green  cuprio  oxyfluoride: 

2CuF  +  Ca»0  +  0  =  2{CuF  +  CuO). 

Insoluble  both  in  water  and  in  excess  of  hydrofluoric  acid,  bat  soluble  in 
strong  hydrochhiric  acid.  In  the  latter  it  forms  a  black  Bolution,  from 
which  it  is  precipitated  by  water  in  tho  form  of  a  powder^  which  la  white 
at  first  but  afterwards  becomes  rose-coloured.  (BcrueliuSj  Popi/.  1,  28.) 

B,    PROTOFLTJORTDR   OP    CoPPER,    and    M0NOBA8TC    HtDROPLCATE   OF 

Cupric  OxiPE.^Formed  by  diisgolvinnr  (niprie  oxide  or  its  carbonate  iti 
excess  of  aqueous  hydrotiatjric  acid  (metiillic  copper  is  not  acusibly  dis- 
solved by  the  acid)  and  evajiorating  the  ri>«uUing  blue  solutiou.  As  the 
excess  of  acid  goes  otf,  small,  liglit  hhie  crystals  KOparate  from  tlie  lirjaid. 
(Scheelej  Gay-Lussac  &  Theoard;  Beriselius.)  If  the  quantity  of  cuprio 
carbonate  is  safficiout  to  neutral ixe  the  greater  part  of  the  acidt  tho 
conipouad  Heparatea  oat  during  the  digestioii;  with  a  still  larger  quantity 
of  carbonate,  the  basic  comjH>and  C  h  formed.  (BcrKebus.)  The  crystals, 
which  are  but  sparingly  soluble  iu  cold  water,  are  decomposed  by  hot 
water,  yielding  an  acid  solution  and  the  insr^luble  himo  corapoaud  C,  Tho 
crystals  heated  with  oil  of  vitriol,  jrield  li(i  per  cent,  of  cuprio  sulphate, 
and,  when  ignited  with  excess  of  lead-oxide,  give  off  2 6 '3  per  cent,  of 
water.  (Berzelius.)— Protofliioride  of  copper  combines  with  the  fluorides 
of  the  alkali-metals,  forming  hhwjk  conipounds,  (Berzelius;  comp,  Unver- 
dorben,  N.  Tr.  t*,  1,  34.) 

Cryitaiiisid.  Berxelius. 


Cu ..,.„, 

F ...i. 

2H0^ a........ 

,       32*0      . 
.       18-7       . 
,       180 

«       46-58 
,.       27-22 
..       26*20 

26-3 

CttF,2H0,. 

.       6B'7       . 

,.       10  (J 
..       19-7      . 
9'0      . 

..     100-00 

.       58*23 
...       28*67 
...       13J0 

Or: 

CuO.. 

HF    , .,.M**.o.... 

Berzeliua 
58 

HO 

CttO,HF+Aq. 

..       68-7      . 

...     10000 

C.    HynilATEtJ   CtTFRtC   OXYFLltORtDE,  or   BtBASIC    HyDROFLUATE  OF 

CtJPRic  Oxide. — 1.  Formed  by  digesting  aqueou^s  hydrofluoric  acid  with 
excess  of  cuprir  carbonate* — 2.  By  decorapo.<;m;^  B  with  boiling  water. — 
Pal©  green  powder  insoluble  in  water*  (Berzeliu«t  ) 


CUF    .......^.4 ,H 

CuO 

.     50-7     , 
.     40*0     . 
.      9*0 

i.     &0*85 
..     40*12 
.      9*03 

BerEeIl(]3« 

Z    9-3 

Or: 

2CnO 

HF 

80*0    , 
,     19*7     . 

..     80*24 

*.    i9";6 

BO , 

CtoFjCaO  +  Aq,  .. 

.     99*7     . 

.  lOOOO 

99*7    . 

.,  100*00 

D.  BoROFLUOHiDE  OF  CoppER,  ^ — CuFjBF\  —  By  precipitating  the 
baryta-salt  with  blue  vitriol.  The  filtrate,  when  evaporated  to  the  con* 
•iffteuce  of  a  syrup,  solidifies  on  coolin|f,  and  forms  a  blue  mass  uf  needlea 
^biob  tj^uiekly  becomo  moist  gu  expo&uro  to  the  air.  (Berzelius.) 


lU 


CoppSR  Asn  NrrmooESf. 


A.  KmuPB  o#  Cu(WML — a.  WitM  vrry  ^naoef  exmm  ^  C^fper,^ 
Oqifcr  wire  igstleii  in  a  poreduB  tiihe  ikiovgli  which  «  atrettia  of  amoft- 
■nl  ^v  it  pMni,  neither  lacraiaes  ii/or  tliatinUhee  ta  w^ixht,  hi 
haeiMBi  VC17  Itittie  wmk  jellcv  or  jdlowiah-whtte*  (ThlBftid.)  It 
wtfiMW  hmm  ^^^  !•  y^r  ■'^  ai«oti>^e  wnght,  uid  its  denntr  decivwM  it 
«h»  fcfMtr  CMS  to  S-S6C;,  fli  the  Istlcr  Ui  7-793.  Whra  thebfitlte  ciopptf 
thas  iltiiofi  k  teed  io  a  iolort,  it  mm  off  no  m»  hoi  m  jellowalt- 
Won  lohBtwre  mmkm  iMb  appcaiBBce  hetireeii  it  vA  the  reCan.  (SotitI, 
^uu  CIm.  Piyc  37f  33€.)--The  mdfie  grsvit j  of  the  copper  moIcj  l« 
$-^;  aai  Ae  ■ffil  hooiBiM  iBoro  laimnir  aod  more  pofooo^  leqnifMi 
meycct,  mm!  agHnoee  tiHoiis  tints  of  gn^^^  v«iloir,  pwna^j 
e,  toM  leJ  or  pfyii  icid.  Neverthelefio  it  conUingimt  Htllo  f< 
r;  h«l  it  fooUblj  ttlkm  «|v  dsria^  the  proceu^  a  huge  qomncti 
Itoi,  vhich  it  oftei»oi4i  gme  oC  «»  <^^  the  poftides  of  the 
'  t  hetwccn  them.  (Deepreti^  ^jui. 
mmal  gas  is  fmiieeil  orer  te4-faet 
'  le  aheeih  thiit  which  momiim  oi 
to  eootalii  in  IW 
7S  vdL  hj*ag«M  Mi  SS  Y«L  aitiim.  v  thoidd  be  firaiiiced 
of  aaiBMBori  aii^  Mt  Si  voL  h jdvogen  to 
■»!■■■ tlyfwt  of  &o  BitragCB  »oel  have  beea  take 
vFM;  A9f,  42.  IM.)— Whca  diy  aiaarauaa 

the  ftoloude  hy 
at  to  the  point  ml'  1 

■uxtam  c<intaiii6  14*1  ttk 
iltaipa  la  S  pte.  hf^ogea  (aa  dgfcknfj  of  Bitro^ea^  therelmv  W 
iaA»  aa  mieem„  ■■aaotiaft  ta  <hl  pi.  aail  piohaUjr  anria^  froomfaooi 
wiai^  ftfpw-iiarf  ia  a—oaiacalgM  letaiae  to  ptepetlif  evta  fera 
iiniiiriiiirilli  tiaat.  (Schietue,  ilaa.  i%vm.  m,  191;  <m^  KmIm^ 
Jatfa.  Jifdl  It.  4SJL) 

Ic  aiwiwiitfrybriajriewyMif— ByapwewiMlariothalafcfiti 
la  iht  pwpaialioa  of  aHiifc  of  aae  (^  «X  the  ri  aaiawaiWi  heiaffc|l 
m  tJwaai  la  prei^l  Ae  ii  piiiliiio  of  m^trflio  eoctw-o  '' 

af  capper  caUeris  mt 
I  a  ctaeeliio  niitoirnl  m^^gi^^atMvn^  whidi« 
jef5^     Teagraiaa  of  thim 
fi««offttlieaki^  Mt^iafaiwhta  healed,  aad  loavo  a  rraiht 
le^mtoKecaMHC  (Qiaf%  AA if^. ^.  l^p  100;  alao  P«^,  34«  lOl) 
c  fV»^— Wham  ^mmaM^  af  eepper  (ohiMai  W  ptrnpiiaiinf  Uet 

Ik  aolMh)  it  healed  ta  ISOMo  a  ^ 

i  oi(  mad  eiljeeted  to  the  aetioa  ef  drjr 

it  s  oMnanoi  iaie  a  mea  peader,  vith  riae  of  Icei^ 

i  af  ailHif  M  ^  mad  iiifmtiea  ef  water.     AtlooKgh 

HaKeeopper  imiihlaioti  iaeNad  ef  the  men  peadet 
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C>iflie  aaUe  1 
la  eaa^^ft  il  r 
amalllYofi 

fctamlioaaf  ^ 
Mt 

mii^trihsi 


i  Igr  v"aliaf  the  attfliM^  ta^iains  a  hi^  tea 
ide»aad   *  '    ^  *  ' 


the  fiodaet  b  abed  with  a 
axidew     If  the  hjdnla  or  carboaate  of  mfm 
mt  fine  wait  ael  cxeced  130^,  hot  whea  ifte 
I,  it  «ar  W  laMd  le  the  kaliag  potai  of  Bamd 
he  laieid  al  eaea  lo  MT,  the  heat  dev^epai  If 
Ula  M^a  faialt  thai  Ika  BiMi 
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and  protoxifle  af  copper  are  converte^l  into  a  mixture  of  metallic  copper 
ami  dioxide,  with  evoltition  of  water^  nilrogeTi  ga^,  and  nitric  uxide, — 
The  BtreaiH  of  gas  having  been  kept  yp  for  8  hours,  and  m>  more  water 
being  fornio<^I,  the  green  powder  is  shaken  up,  again  treated  with  ammo- 
niacal  ^as  for  three  hours,  then  again  shaken  tjp,  once  more  exposed  to 
amnion  iacal  ga^,  having  mean  while  been  tritnrated  in  a  mortar,  &c.  To 
produce  20  grammes  of  nitride  of  eoppor,  the  paNwige  of  the  gas  mnst  be 
continued  for  lliQ  hours*  (Schrotter.) — Tu  free  the  resulting  greoti 
powder  from  adhering  cuprous  oxide,  it  ninH  be  repeatedly  digested  with 
u  mixture  of  cnustic  ammonia  aud  carbunatp  of  ammonia,  and  afterwards 
washed  aud  dried;  the  colour  of  tlic  powder  then  changes  from  olive- 
green  to  dark  grey,   (UL^i^elim,  Jahreslter.  21,  88.) 

Soft,  green itth-blark  powder  (Schrntter);  dark  grey  (Berzelius). 


K 

Schriitter, 

p 

u. 

L 

c. 

d. 

«Cii 

.     192     .. 

..    93*2 

.„     90065 

...       90*965       ... 

83-433     ,. 

..    92- r6 

N    

14     .. 

.,       6*9 

,.       70-11 

0516       ... 

6-516     . 

7*24 

H    „. 

...       OIU 

NH«       0'636       .  . 
CaO 

0-636 
0'415 

206 


100-0 


98-117 


98-117 


100-000 


100-00 


a  is  the  mean  of  several  analyses;  the  deficiency  muj^t  be  regarded  us 
oxygen  which  remained  with  the  nitride  of  copper  in  tlie  form  of  cnprie 
oxide.  The  hydrogen  was  prtdjably  in  the  state  of  ammonia,  which 
seems  to  adhere  to  the  compound  very  tenaciously;  for,  when  the  nitride 
of  copper  is  exposed  to  a  temperature  near  itb*  decomposing  point,  and 
carbonic  acid  g;i8  afterwards  passed  over  it,  ammonia  h  fctill  evolved  from 
U.  —  ^  is  therefore  the  analysis  a  with  the  hydrogen  estimated  as 
ammonia.  (Sch rotter)  If  the  deficiency  (^1'883)  be  regarded  as 
oxygen  and  estimated  a^s  protoxiile  of  copper,  we  get  the  calculation  c; 
and  finally,  if  the  auimouia  and  cuprie  oxide  be  disregarded  as  uue^^entialT 
the  remainder  gives  the  per-centage  couiposttion  of  pure  nitride  of  copper 
as  ia  d,  (Gm.) 

The  formation  of  the  nitride  of  copper  lakes  place  as  sliown  in  the 
following  equation: — 

fiCuO  +  2NH3  =^  Cuf'X  +  GHO  >  N. 

Henc€,  240  pt?*.  (6  At.)  of  cuprie  oxide  shonld  yield  206  pt^j.  (1  At.) 
nitride  of  copper,  54  pts*  (C  At.)  water,  and  14  pts.  (I  At.)  nitrogen. 
According  to  the  mean  of  three  exiwriuieiit>*t  ^^40  parts  of  cuprie  oxide 
yield  2\iyiL'i  nitriile  of  copper,  37  OH  water,  and  1204  nitrogen  gas. 
The  diflerenec  l>etween  these  and  the  theoretical  numher^^  urii?e9  perhaps 
from  part  of  the  cuprie  oxide  remaining  an  decomposed.  (Sch  rotter.) 

Nitride  of  copper  heated  in  tlio  air  to  about  300'^  is  resolved  into 
nitrogen  gas  and  metallic  copper,  the  decomposition  being  attended  with 
a  bright  red  glow.  In  oxygen  gas,  the  decomposition  takes  place  at  a 
lower  tenipemtare;  in  carbonic  acid  or  nitrogen  ga^,  a  temperature  above 
300  is  necessary.  If  the  nitride  of  copper  ia  contaminated  with  cuprio 
oxide,  the  nitrogen  evolved  is  mixed  with  nitric  oxide.  Fcrcu^hiun  or 
friction  does  not  jmnhice  decomposttion.  (Schr titter)  Tlie  nitride 
puriiied  by  aninioui:i,  dccompouwci  at  a  lower  temperature  and  with  ?.liglit 
explosion,  whereby  the  greater  part  of  the  subs  bin  ce  is  projcLncd  out  of 
ihe  tube.  (Berxelin.^.) — Nitride  of  copper  becomes  heated  in  chlorine  gaSp 


• 


of  85**  ifl  sufficient 
(Graliani*) 

3(CuO,NO'  +  3Aq.)  =  3CDO,NO*  +  Aq.  +  2(NO*,4Aq.) 

Tli6  crystals  detonate  sliglitly  on  red-hot  coals,  more  strongly  with  phos- 
pboran  under  tlicj  Immmer,  {BrugnatelH.)  Wlieti  the  powder  of  those 
cryBtala  ib  wrapped  up  id  tinfoil^  it  fusea  and  h  detumpuaed,  with  a  rise 
of  temperature  eomolimes  sufficient  to  cause  emission  of  sparks*  (lliggins, 
Crell,  Chem.  /»  1, 171,)  Paper  saturated  with  theaohition  and  driod,  ttkkea 
fire  much  helow  a  red  heat.  When  the  solution  of  this  salt  is  mix^ 
with  nitrate  of  ammonia  and  evaporated,  decomposition  takes  place  at  a 
certain  degree  of  concentration,  attended  with  violent  detonation. — 
Dissolves  readily  in  water,  and  deliquesces  in  the  air;  likowiBe  soluhle  in 
moderately  strong  nitric  acid;  hut,  according  to  Mitscherlich  {Poggt 
\Sf  15d),  it  is  precipitated  from  its  concentrated  aqaeutis  solution  iu  the 
form  of  a  crystalline  powder,  hy  nitric  acid  of  specific  gravity  r522. 


Calculation f  according  to  Graham. 


CuO 

NO*  , 
3HO 


Ter-hyd  fated. 

40     3:^(16 

51     ..„     44*63 
27     ....     22-31 


CuO 
NO* 
6H0 


Sejt-hydraied. 
40  ...  27*02 
64  ....  3G  49 
M     ..,     36-49 


Proust, 
27 


CiiO,NO*4-3Aq,    121     ...  100-00 


+  GAq, 


148 


100-00 
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D,  CuPROtrs  Oxide  with  Ammoma, — Formed  by  inclosing  in  a 
stoppered  vessel  (1)  copper-filings  with  aqueoui>  ammonia  and  atmos- 
pheric air;  (2)  copper-filings  with  the  coiupoand  of  cupric  oxide  aud 
ammonia;  (3)  cuprous  oxide  or  hyd rated  cupric  oxide  with  uriueoUB 
ammonia. — Colonrleiss  liquid,  which  gradually  turns  hlue  on  expos uro  to 
the  air,  the  colour  proceeding  from  top  to  hottom.  (Bergaiann,  OpUiCm 
3,  380;  Proust.) 

E.  Cupric  Oxide  with  Ammonia, — Formed  hy  exposing  ihe  preced- 
ing sohition  to  the  air;  or  by  hringing  copper-filings  iu  contact  with 
aqneons  ammonia  and  a  eufficieut  quantity  of  air;  or  cupric  oxide,  either 
anhydrous  or  hyilrated,  ir  ith  tiqucous  ammonia.  If  all  acidj?:,  even  car- 
bonic acid,  he  excluded,  tlic  ammoniaj  according  to  Borzelius,  appears  to 
dissolve  scarcely  a  trace  of  the  an  hyd  mas  oxide;  hut  on  addiug  a  drop  of 
the  solution  of  an  amnion iacal  f^alt,  the  oxide  '\»  ahundantly  dissolved, 
(Oojnp.  WitMein,  Rrp^rt.  5?,  32.)  —  Dark  azure-blue  liquid.  Phopphorus 
rlecolori^es  it,  by  fonninjLij  the  conjpound  of  cuprous  oxide  and  ammonia, 
and  ultimately  precipitates  the  copper  in  the  metallic  t?tato;  jsinc  and 
cobalt  likewise  precipitate  the  copper.  Iron  reduces  the  copper  imper- 
fectly;  arsenic,  tin,  and  cadmium  reduce  it  eparingly,  and  lead  cxhihit^ 
but  Dicre  traces  of  rcduntion,  (Fischer,  Pogg.  8,  492.)  Iron  cxerta  no 
action  on  the  pure  solution,  hut  slowly  precipitatea  metallic  copper  from 
the  solution  mixed  with  sal-ammoniac,  common  aalt,  nitre,  or  sulphate  of 
potash,  nodules  composed  (tf  copper  and  ferrous  hydrate  forming  on  its 
fiurface  at  isolated  poiuts,  and  exieading  till  the  liquid  \^  decolorized.  A 
lar^o  excess  of  anmionia  preventj?  this  precipitation,  e:? pec i ally  if  the 
solution  be  mixed  with  nitrate  or  sulphate  of  potash.  (Wctsslar^  Srhm, 
50,  101.)  —  Sulphuroua  acid  added  to  the  solution  of  cupric  oxide  in 
ammonia,  throws  down  nearly  all  the  copper  in  the  form  of  red -brown 
cuprous  oxidcj  containiuf,^  t^mall  portions  of  sulphurous  acid  [and  am- 
monia 2].  (A.  Vogei.)    The  liquid^  when  diluted  with  a  largo  quantity  of 
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water,  de^sita  the  ciipric  oxide  in  llie  form  of  bydrate.     VoUd 

wLich  a  larger  quantity  is  required  in  proportion  as  lUe  ammooia  hi 
greater  excess — ^1  ike  wise   precipitates   the  cupric  ox  i  fie,  at  lea^^t  aR<tM 
while,   ill  the  form  of  hydrate   [I'ontaiiiint^  potaijh  ]]    the   pf  -^tt, 

according  to  Berzelius,  heing  coiiiplete;  on  hoiling  the  liquid.  1  'lo 

of  copper  is  immediately  precipitated. 

When  amnionia,  not  in  excess,  is  added  to  cupric  salts,  the  precipittli 
usually  consists  of  a  basic  suit  free  from  ammonia;  Kane,  however, « 
one  occasion,  by  precipitating  a  solution  of  cupric  chloride  with  ammoni 
obtained  a  blue  precipitate  resembling  hydrated  cupric  oxide,  which  was 
easy  to  wash,  and  did  not  lose  ammonia  during  the  washing.  This  pre- 
cipitate underwent  no  change  at  149^;  but  at  a  somewhat  higher  tem- 
perature, it  was  decomposed  wit!i  a  slight  hissing  noise^  yielding  oitro^'m 
gjBUBj  ammonia^  a  large  (|uantity  of  water,  and  a  red  mixture  of  copper  and 
cuprous  oxide.     It  wa^  founii  to  be  free  from  chlorine. 

Kaae, 

2NHa  , 34       ,...       16»35         ».,  1570 

3CuO  ..,„.. .^.      120       ...       3r*69         ....         57  19 

6H0   „ ..„...,        54       ...       25-96 

2NI13,3CuO-«-6A<i ioi      ....     lOO'OO 

F.  Cabbqnate  of  Cirpiiic  Oxtdb  ahb  Ammonia. — Cuprico-amnumie 

Carho7mte. — By  dissolving  copper-filings  (with  excess  of  air),  anhydroofl 
or  hydjiited  cupric  oxide,  or  cupric  carbonate,  in  aqueous  sescfuicarhonatf 
or  bicarbonate  of  ammonia, — 100  part«i  of  bicarbonate  of  aniinont:^  dta- 
solvcd  ill  1440  parts  of  water,  take  up  in  the  course  of  24  Lours^  2*3S  parti 
of  anhydnius  cupric  oxide,  or  17*03  of  the  hydrate.  (Biscbof,  Scktt, 
64,  72.}^ — The  solution  bus  an  azure-blue  colour,  somewhat  paler  tli 
that  of  cupric  oxide  in  caustic  ammonia.  When  heated,  it  gi%'e« 
carbonate  of  ammonia,  boiling  up  suddenly  and  violently,  and  depo^^ittt  _ 
nearly  all  the  copper  in  dingy  bluish-greeu  crusts  which  contain  animonia 
(Bucholz,  Bcitr.  1,  92);  it  first  deposits  dingj^  green  carbonate,  and  thmi 
brown  oxide.  (Bischof,)  Tlie  solution,  when  slowly  eTapor^ted,  vieldai 
no  crystals  but  a  green  crust.  (Bucholz.)  Potash  boiled  with  it,  Imi 
down  black  oxiile  of  copper.  (II.  RoifC.) 

ff.  Boride  of  NUrogmi  and  Copper  t — By  procee<ling  witli  iM^meift 
acid  aud  copper  in  a  niauner  similar  to  that  described  for  the  prepamti 
of  boride  of  nitrogen  and  potassium  (III.  70),  a   sub^stance   h  obtAia 
which  gives  o^T  ammonia  wheu  treated  with  hydrate  of  potash «  (BalmtuL^ 

H.  CupRo-HyposrLpiiATE  OF  Ammoma. — Formed  by 8upersatur»tiai^ 
a  eomewhat  dilute  solution  of  cupric  hydrophosphate  with  ammonia  till 
the  precipitate  disappears.  This  liquid  soon  yields  asure*blue,  rectangtiiAr 
tables,  containing  *2  At.  ammonia,  1  At.  cupric  oxide,  and  1  At.  acad; 
they  are  permanent  in  the  air,  and  dissolve  but  sparingly  in  wat^r, 
especially  if  it  ks  cold.  (Heeren.) 

L  Ammonio-sulfhate  op  Cupric  Oxide,— Anhydrous  cnprio  rtil* 
phate  rai)idly  absorbs  53'!>7  ijer  cent,  of  dry  ammoniacal  gas,  with  jptsA 
n*e  of  temperature  and  tumefaction;  the  product  i.^  a  blue  powder.  Thb 
compouuil  iuHQ^  at  a  moderate  red  heat,  a  large  quantity  of  amttOM 
being  given  off,  a  little  wnter  and  sulphite  of  ammonia  formed,  tto4  % 
brown   mixture  left   behind  consibting  of  cupric  sulphate  and 


SULPHATE  OF  CUPRIC  OXIDE  AND  AMMONIA. 


449 


Cupper.     It  (lissolires  completely  in  water,  forming  an  asure-Lluo  awlutiom 
(H.  R0B6,  Fogg.  20,  150.) 

H,  Rose. 
5NU*    — ,..„ ^ „„        g5  .       ai  70         3a  05 

2S03 .„ 4,0       ....       32-65;       *^*^''» 


5NH»+(2CaO,SO=)    245 


lOO'OO 


lOO-OO 


K,  CuPBO-suLPHATK  OP  Ammonia. — Cupntm  amrmniacalf,  Kjip/et*- 
tabniak. — Formed  by  en perhattimtin^'  blue  vitriol,  either  poumled  or  dia- 
aolred  ill  a  small  quantity  of  wator^  with  amiiiouta,  till  the  precipitate  is 
completdy  redisiiolved.^ — ^Crystullizos  on  evaiM^ratiou  —  or  hettery  on 
carefully  cohering  the  soluthm  with  alcohol,  or  nxp^i^iog  it  a  h>w  tora- 
porature=-in  dark  azure-hhie,  transparent  crystals,  having  somewhat  the 
lonn  oi  Fig,  6 J,  but  very  long  and  thiu.  When  the  aimHoniac;il  solution 
is  agitated  with  alcohol,  the  !?iilt  is  precipitated  in  the  form  of  a  blue 
crystal  lino  powder. — It  mast  ho  quick  Ij^  dried  hetweLni  bibulons  paper, 
and  kept  iii  well  -  closed  vessels  : 


Crytallizcfl. 

2Jm» ,,      3-1       ....       27^C4 

CuO  40       ....       32-52 

SO^  40       ....       32-52 

HO 0       ..,.         7-32 


Bcrzetius. 

34  00 

3£*2j 

7'35 


Bmadei. 
21  410 
33017 
31753 

13*358 


NH^CttO  +  NH^0,S05        123 


10000 


100*00 


99'538 


When  exposed  to  the  air,  it  gives   off  ammonia,  first  becoming  light 
I  blue  and  opaqne,   and   afterwards  changing  to  a  green  powdei%  which, 
aoconling  to  Kiihn^  ii*  a  niixttne  of  snlphate  of  amniunia  and  quadroha>sio 
Blllphatc  of  cnpric  oxide, — When  heated  for  some  time  to  a  temperature 
jnol  exceeding  149',  it  gives  off  1  atom  of  ammonia  anil  1  atom  of  water, 
lADd  is  converted  into   an  apple-green  powiler,  amounting  to  1>8'4  p,  c.  of 
I  the  original  salt,  and  composed  of  NH*,CiiO,SO\     The  latter,  when  very 
jgrftdually  heated  to  20^5'',  «till  gives  ofV  \  At.  ammonia,  h-aving  a  retiiduo 
[of  NH^2CuO,SO^  and  this,   when  gradually  heated  to  2*]0  ,  givcj?  off  the 
I  lust  half  atom  of  ammonia  and  leaves  65  1  percent,  of  monosulphatc  of 
cuprlc  oxide.     Cuprosulpbatc  of  ammonia,  when  emldenly  heated,  give3 
off  sulphate  (sulpliite:  Jit  riding)  of  ammonia  a^s  well  as  frc3  ammonia, 
and  leaves  a  residue  of  cuprous  oxide,  together  with  cuprlc  -sulphite. 
(Kane,   Ann,   Cfdm,  l^hgs,  72,  205.) — Dissolves  in    L|   pt,   cold   water. 
The  aqueous  solution,  when  exposed  to  the  air,  depo.Htits  (jnadrol^asic  sul- 
phate of  eupric  oxide,  which,  if  the  lit^uid  he  warmed  for  some  time  in 
the  air,  partly  redidsolvee,  with  evolution  of  ammonia,  so  that  the  lit|ui(l 
afterwards  contains  monobasic  Bulphate  of  eupric  oxide   together  with 
^Bulphato  of  ammonia,  (Kiihn,  SclmK  G*0,  t343.j     Quadrobfusio  sulphate  of 
Icupric  oxide  is  likewii?e  precipitated  when  the  aqueous  iSolution  is  largely 
Idilulcd  with  water, — Zinc  quickly  precipitates  metallic  copper  from  the 
[iolution;  cadmium  and  lead  decompose  it  but  slowly;  ur^eujc  decompose* 
|ii  completely,  with  formation  of  eupric  arsenite;  bismuth,  antimony,  tiii| 
|ltnd  iron  have  no  effect  upon  it.   (Fiacher,  Pugg,  8,  4J2  ) 

L.  BiaAStc  Siti.piiATK  op  Clpkic  Oxuie  and  Ammonia. ^ — The  residue 
ft  when  cuprosulpbate  of  ammooia  i>  grailually  heated  to  I4f>%  Apple* 
^jreeu  powder.  When  exposed  to  the  air,  it  gnidualiy  absorbs  water  and 
Inrnfl  blue;  if  luoisteued  with  a  small  quantity,  it  becomes  very  hot  and 
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changes  to  blue  immediately;  if  it  be  then  dried  at  2T*,  one  bundled 
parta  of  tlio  powder  will  be  found  to  have  absorbed  27*8  parta  (3  At)  of 
water.  But  an  excess  of  water  decoinpoges  the  powder  iuto  eulphatc  of 
ammoniaj  cuprosulpbatc  of  ammonia,  and  a  precipitate  of  ^lUborohaBic 
sulphate  of  cupric  oxide.  (Kaue.) 


6(NH^CuO.S03)  =  a{NH^S03)  +  2NH'.CuO,80*+4CiiO,SO*, 


CuO.. 


AnhydrouM, 
17       ....       17'52 
40       ....       4124 
40       ....       41-24 


CaO.. 
SO>., 
3HO 


Mjfdraitd. 
17       .„.       I3'?0 
40      ,^     sa-26 
40       ,„.       321S_ 

27       ...      2i; 


NH*,CuO,SO>..,      97 


100-00 


+  3Aq. 


124 


lOOi 


M.    Sesquibasig  Bulphatb  of  Cupric  Oxide  akd  Avhokia.^ 

NH\2CoO,2SO^orNH^CuO,SO^  +  CuO,SO\— The  reeidao  obtained  bj 
gently  bcatiu^  anhydrous  cupric  sulplmte  saturated  with  aomoBMi 
(Graham)^  or  Xy  gradually  heating  the  cuproeiilphate  of  ammonia  to  a 
teinpemture  not  above  aOJ"".  (Kane.) 

N.  Monobasic  Sulphate  of  Cupric  Oxide  and  Ammoxia.-^ 
Ctiprico-ammajiic  Sulphate, — Formed  by  mixing  cupric  sulphate  witb 
sulphate  of  ammonia^  aud  leaving  the  solution  to  crystallize*  A  tnixtnre 
of  the  conccutrated  solutions  of  sal-ammoniac  aud  blue  ritriol  in  o^ual 
volumes,  likewise  deposits  crystaU  of  the  double  sulphate,  wUJe  th» 
cor  re  spo  a  ding  double  chloride  reniaine  in  solution.  (A.  Vogel.) — Light 
blue  crystals  easily  soluble  in  water  (Berzelius)j  of  the  form  of  sulphate 
of  magnesia  and  ammonia.  (Xlitacherlick;  comp^  Miller,  Pof^<j.  36,  477.) 
Sp.  gr.  1'7^>7.  (Kopp.) — The  crystals  effloresce  in  warm  dry  air^  faieanj 
turn  green  when  heated,  evolving  water  and  sulphate  of  ammonia*  They 
dissolve  in  \\  times  their  weight  of  boiling  water,  and  separate  ont  for 
the  most  part  as  the  liquid  coob.  (A.  Vogelj  J.  pr,  Chem,  2,  194-) 


CoO. 
2SOa. 
7Ha„ 


CrjfSkUttMBd, — C«leuUtbn«  accordliig  to  B^nclim. 


N^^  HO.  SO^  +  CnO,SO'+  6Aq. 200 


100*0 


0.  Ammonio-diniodide    op    Copper.  —  1.  One    hundred    parti 
cuprous  iodide  absorb  19728  parts  of  ammonia,   ihe  combination^ 
attended  with  evolution  of  heat ;  but  at  a  higher  temperature*  ihe  ^ 
of  the  ammonia  is  given  off  again.  (Rammelsberg.) — 2.  Plates  of  < 
are  inclosed  in  a  bottlcj  together  with  a  cupric  salt  strongly  iopei 
with  ammonia — the  liouid   frecjuently  shaken  till  it  loaos  ita  ool 
then  poured  into  a  bottle  containing  arpieous  iodide  of  potasrilBi, ' 
must  be  afterwards  closed.    The  compound  of  cuprous  oxide  woi  \ 
then  separatee,  partly  in  colourless,  shining  prisma^  |>artly  aa 
crvstalline  meal.     Neither  of  the:^  can  be  dried  without  de>otmi 
inasmuch  as  they  turn  green  and  give  off  animonia  when  ex|iciied  io( 
air.     The  colourless  liquid  from  which  the  compound  has  aepaimfte^  1 
blue  in  the  air,  from  formation  of  the  ammonia-compound  of  < 
(Levol,  A^  J.  Pharm.  4,  328.) 
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H&tnmelsberg  (1.) 

8NH«„. U        »..        15^8        ...,        16* -19 

Ca»I   » .,»» 190        ....         B4'S2        ....         83-52 

2NH3,Cu=I 224         Z.       300- 00         ....       lOQOO 

P.  Clpric  Iodide  with  Ammon^ia, — ^1.  Formed  by  saturating  warm 

aqueoua  aiuDiouia  with  6ul[^iate  or  acetate  of  cupric  oxide,  ami  adding 

thereto  a  sat  united  wolutiou  of  iodide  of  potassiom  in  excess.     The  eom- 

pouud  is  deposited,  both  at  high  and  at  low  temperatures,  in  the  form  of 

a  crystalline  meal.     The  liquid  filtered  from  this  salt  loses  its  colour  after 

ataoding  for  some  time,  depositing  crystals  of  the  same  coraponnd,  and 

likewise  of  crystallized  iodide  of  potassium.     The  Hue  crystalline  powder 

ciissolved  in  warm  ammonia  yieldiij  on  cooling,  finer  crystals,  which,  after 

the  mother-liquid  has  been  drained  from  them,  must  be  dried  between 

folds   of  paperj  and  preserved   in  a  well-stopperod  bottle*    (Berthemot, 

*r  Fhami.  i:>,  44rj;  al.^o  A\  Tt\  21,  2,  253). — 2.  Aqueous  ammonia  does 

K   not  dii^solve  any  sensible  quantity  of  cuprous  iodide,  when  placed  in  con- 

H   tact  with  it  in  a  close  vessel;  but  if  the  air  be  admitted,   ihe   liquid 

H  ^mdually  assumes  a  bloc  colour  from   top  to  bottom,  and  on  subsequent 

^g  boiling,  dissolves  the  whole  of  the  cuprous  iodide,  forming  a  blue  solution. 

Tlie  cuprous  iodide  is  decomposed  by  the   oxygen  of  the  air,  yielding 

cupric  iodide  and  cupric  oxide  :  Cu*I  +  0  =  Cul-f  CuO.     It  is  only  when 

the  ammonia  is  very  concentrated,  and  when  it  is  heated  beft^re  it  has 

absorbed  from  the  air  a  quantity  uf  carbonic  acid  sufficient  to  enable  it 

to  dissolve  the  copper,  that  brown  cupric  oxide  is  deposited  from   tlio 

soJiition  on  the  application  of  heat.     As  the  blue  liquid  cools,  there  arc 

first  fonned  a  few  colourless  crystals  of  ammonio  diniodido  of  copper,  and 

then  tbe  dark  blue  crystals  of  the  animonio-protiodide,  which  increase  od 

tlie   addition  of  alcohol.    (Ramniel.sberg,  Pogg.    48,  162.)      Dark  blue 

^^^^rahedrons  (Berze]ius}j  prisms  (Rammeleberg)* 

^^^V  Crifitalliz  eel.  R&  m  m  ebbergt 

^f"                 2NH* 34       »»       16  92  ......         16  61 

H                     €u    .„.«... ^..^ 32       ....       15'92  .„..„.         17'27 

■                      I   ...^^.«.«^..^.,«.^ 126                 ^2-68  .« 5y*30 

H                      HO,.... 9       .,„         4'4S  ........          6-62 

H  2NH»,CuI  +  Aq.  „ 201      ....    lOOOO        lOO'OO 

^H         As  tbe  cofnponnd  bad  not  lieen  properly  dried,  its  unalysis  gave  too  large  a  quantity 
^H  of  water.  (RaicmeUberg.)     It  may  aUo  be  regarded  m  NH\CuO  ^  NH^,HI. 

^P        When  heated,  it   becomes  blackish,  gires  off  ammonia*  afterwards 

Tapeur  of  iodine^  and  leaves  a  whitish  powder  consisting  of    cuprous 

iodide.  (Berthemot.)     It  first  gives  off  ammonia  aud  water,  and  assumes 

a  green  colour,  then  yields  hydriodate  of  ammonia,  and  leaves  a  reaiduo 

which  detonates  at  a  higher  temperature  and  fuses  into  a  brown-red  mass 

of  cuprous  iodide.  {Ranmielsberg.)    Decomposes  quickly  in  the  air,  giving 

off  ammonia,  and  assuming  a  brown-bkitck  colour  (Berthemot)  ;  green, 

according  to  Rammclsberg.     Water  decomposes  the  crystals^  separating 

^  green  flakes  of  the  compound  next  to  be  described,  and  forma  a  blue 

H  Molution,    which  eonlaius  part  of  the  blue  compound   In    its   unaltered 

^  state.     This  solution  is  rendered  turbid  by  a  larger  addition  of  water,  and 

when  treated  with  nitric  acid,  gives  off  iodine  and  yields  a  precipitate  of 

cuprous  iodate.  (Rammeisberg.)     Cold  water  dissolvas  a  small  quau^ 

of  the  compound,  forming  a  blue  liquidj  which  gradually  loses  Its  ao 
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niaral  odour  and  deposits  a  green  powder*  Boiliog  water  iiume<4i 
proiluces  the  green  powder.  Acids  added  to  the  blue  solution  throw 
down  cuprous  iodide^  while  iodine  remains  in  solution.  CoM  alcohol  or 
ether  exerts  no  action  upon  it  ;  boiling  alcohol  becomes  brown  hj  acting 
on  the  compound,  and  gnwluallj  imparts  a  green  colour  to  the  reddoe. 
(Bcrthemut,) 

The  green  flakes,  when  heated,  gi^-e  off  much  water  and  a  litlk 
ammonia,  then  yield  a  sublimate  of  hydriodate  of  ammonia,  and  leaTf  • 
brown-red  residue  containing  cuprous  iodide.  (Rammclsberg,) 


I 


Q,  Cppro-iodate  of  Ammonia. — The  saturated  solution  of  cttj 
iodate  in  liot  aqueous  ammonia  yields  aziire-hlue  crystals  an  cool 
alcohol  added  to  the  mother-liquid  throws  down  an  additional  qoantitf 
of  the  double  salt,  in  the  form  of  a  crystalliue  powder.  When  betted,  it 
glve^  oft' ammonia^  iodine,  oxygen  gas,  and  water.  With  water  It  formj 
a  hlue  liquid,  a  light  blue  powder  being  separated,  wbicb>  even  after  J«n| 
washings  btill  contains  a  oonstdembfe  quantity  of  iodic  oetd.  ( Ranun^li' 
berg,  Fot/f/.  44,  5Gd.) 

11,  AMMoxro-DiBUOMiDE  OP  CoppER.— The  solution  of  dibromidt^j 
copper  in  ammonia  yields  crystals.  (Berthemot.) 

5.  AMMONio-pnoTonnoMiDE  of  Copper. — a,  .'>XH^2CuB^. — Anhj- 
drous  protohromide  of  copper  iotroduced  into  ammoniacal  gas  become* 
heated,  swells  up,  and  crumhles  to  a  bulky  blue  powder,  'Vh'w  cciin- 
pounds  when  heated^  gives  off  ammonia  and  a  amall  quantity  of  hydm- 
hromate  of  ainuionia,  and  leaves  n  mixture  of  protobroinide  and  protoird* 
of  copper  It  dissolves  completely  in  a  small  quantity  of  water,  formiitf 
a  deep  blue  solution  ;  but  this  liquid,  when  diluted,  becomes  turbid  iDi 
depo.Hits  hydmied  cupric  oxide^  which  turns  black  when  the  liqaid  ii 
hoj  1 1  ed .  ( K  a  m  1 1 1  el  sh  e  rg, ) 

6.  3NH^,2Cu Br. ^Alcohol  added  to  a  concentrated  solution  of  cnuk 
bromide  supersaturated  with  ammonia,  throws  down  dark  green  crvtlaJ^ 
These  crystals,  when  troated  witli  water  or  when  heated,  behavo  libl 
the  compound  a.  (Ham  me  Is  berg,  Po^j*  55,  24  (J.) 


5NH» 
2CiiBr 

850 
220  8 

27*79 

72-21 

RAfnnseltbrrf 

;  1  ^'. 

5^H^2CtlBr 

3NH« 

2CuBr .....,,,... 

305-8      10000 

51*0 IS'77 

220-8                     Sl*23 

100*00 

I9'n 
Cu    ^*hi 

3NH>,2CuBr 

2/1-8       . 

100*00 

T.  CupRo-BROMATE  OP  Ammonia.— Precipitated  in  the  form  ttii 
blue  needles  and  a  crystalline  powder,  on  the  addition  of  .ilcobaJ  to  » 
solution  of  cupric  bromate  in  aqueous  ammonia.  When  hcatcnl.  it  h 
decomposed,  with  a  fiery  explosion*  yielding  nitrogen  gjL%  bri»mrtt#, 
ammonia,  and  water,  whereby  the  greater  part  of  the  oxide  and  bmraiilt 
of  copper  is  mechanicallv  carried  off.  Tuma  green  wdicn  exfRMnl  Iw  lit 
air.  Dissolves  completely  in  a  smnll  quantity  of  water,  foniilttf  a  Ua^ 
lii|uid;  and  on  adding  a  larger  qnautity  of  water,  a  blnirh  gfmm  tuytlMi 
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h  prieeipit»te<!,  wbich,  after  a  little  washing,  exhibits  tbe  cliaracters  of 
pure  hydrated  cupric  oxitle ;  ammonia  and  brumate  of  ammoiria  remain 
dissolved  in  tlie  water,  (Rammekberg,  52^  D2,) 


2NH>. 
CuO  ,, 
BrO* .. 


CryjiUiliized, 

340      .„.       17*C- 

400       ....       20v;9 

1184       ....       61-54 


Rammebberg, 
16  "66     to      17*35 
2284     „      2207 


NH^CuO  +  NHMlrO* 


102M 


100^00 


U.  Ammonto-dichloride  of  Copper. — ^Diebloride  of  copper  forms  a 
colourless  solution  witb  aqueous  anjuionia.  Proto^ulpbide  of  pbospborus 
forms  tlierewith  a  red-brown  precipitate  ( BerKelius),  and  potash  throws 
dowTi  from  it  the  hjd rated  dioxide,  provided  the  ammonia  ia  not  iu  too 
great  excess.  (H,  Hoee.) 

V,  DiniLoitiDE  OF  CoppEn  an'D  Ammonium.  —  Cuproso-ammonic 
CMoride.—'Tk^  eolation  of  cuprous  cbloride  in  strong  hydrochloric  acid, 
mixed  witb  stnall  quantities  of  amnioniat  deposits  transparent  crystals, 
wbieh  appear  to  be  cubes.  (Gm.) — 2.  By  the  electrolytic  method  (I^  400, 
401),  tbe  compound  is  obtained,  aometiiues  iu  octohcdron^,  which  are 
transparent  auil  coh>nrless  at  fir^t  but  afterwards  asftumc  an  ametliyst- 
red  tiut — ^some times  in  jsix-sidi^d  pri^ims — tmmetimea  in  crystals  of  a  dif- 
ferent form,  whicli  are  first  colourless  and  afterwards  yellow,  and  from 
whjcli  water  extracts  tbe  f^al-amnioniac.  A  similar  compound  is  likewise 
formed  when  a  solution  of  sal-ammoniac  iu  which  copper  is  immersed,  is 
exposed  to  the  air,  (BeequercL) 

W.  Ammonio-protoceiloruje  of  Copper. — a.  With  ^  Al  Ammonia. 
3NH*,CuCh^Protocbloride  of  copjjer  raphlly  absorbs  ammouiacal  gas 
and  swells  up  to  a  blue  [>owder.  (Faraday.)  The  absorption  is  very 
nipid  at  tirsti  then  becomes  continually  slower,  and  the  whole  quantity 
of  amiuonia  ab.^orbcd  amonnttj  to  73  7  per  cent.  (H.  Rose,  ^ogif.  20,  155.) 
The  compound  fuses  w^heu  heated,  and  gives  ofi'  its  ammonia.  (FaradayJ 
On  the  application  of  heat,  it  tirst  turns  green  and  gives  off  ammonia,  and 
then  fuses,  yieldintr  a  sublimate  of  sal-ammoniac  and  a  residue  of  dichlo- 
ride  of  copper-  (H*  Ro^e.)  At  14?)',  it  gives  oft'  only  2  At.  ammonia,  so 
that  the  residue  consista  of  NH^CuCl.  (Kane.)  f  he  cnmpound,  when 
exposed  to  the  air,  turns  green  and  gives  uff  ammonia.  (H.  Robe.)  It 
dissolves  completely  iu  w^ater,  forming  a  blue  solution.  (Faraday, 
H.  Rose.) 

H.  Rose. 

3NH> 510       ....       43-07         42*43 

CttCl 07-1       ...       56  93         .,  ...         57-57 


3NH^CuCl..... llB-4 


10000 


100*00 


Cadmium  immersed  in  the  blue  solution  of  eupric  chloride  in  excess  of 
aqueous  ammonia,  reduces  the  copper  completely,  but  throws  down  at 
the  same  time  a  small  quantity  of  basic  s-alt ;  iron  reduces  only  a  part  of 
the  copper;  lead,  a  little;  antimony,  bismuth,  and  tin^  none,  (Fischer.) 
Protosulphide  of  phosphorus  added  to  tlie  solution  throws  down  a  bhick- 
brown  precipitate,  (Berzelius*) 

i,.  mtk  2  AL  J/nmo«m.^2NH^CuCH-llO,  or  NH^CuO  +  NH^IICI. 
When  ammoniacal  gas  is  parsed  thro%di  a  hot  saturated  solution  of  cupiig 
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cblorido  in  water,  till  tbe  precipitate  whicli  forms  at  first  U  oompletelf  r^ 
dissolved,  during  which  process  the  liquid  ia  kept  iJnioBt  boiling  hy  the 
heat  developed  hy  the  absorption  of  the  g^js,  the  reuniting  »oluli(m 
yields,  cm  fooling,  small,  dark  blue  octoho<lron8,  and  square  prisms  with 
Ibur-glded  summitj?.  These  crystals  mast  be  quickly  dried  between  bibu- 
lous paper  at  the  ordinary  temperature  of  the  air,  and  iq  a  place  where 
they  will  not  be  exposed  to  acid  funiesj  but  even  when  that  precaattoQ  19 
taken,  they  are  very  apt  to  turn  ^een  on  the  surface  mint  loss  of 
ammonia.  At  a  temperature  not  above  140',  they  gii^e  off  all  thcii 
water  and  half  their  ammonia,  leaving  76*3  per  cent  of  the  followiD^ 
compound,  NfP.CuCl,  which  undergoes  further  ilecompaaitioii  mi  a  bigbfir 
temperature.  (Kane,  Ann.  Chim,  Ph^i*  72,  273.) 


2NH5 

34'0       30*80 

32  0       ...      28-98 

35 -4       _       3206 

90       ..,        816 

2H  8:i 

Ca  

28*73 

a 

HO 

3219 

2NHSCaCl 

^Aq. 

110-4 

...     100*00 

c.  WM  I  At.  Ammonia.—SH\CuC\.—l.  The  residue  left  on  beat: 
a  or  h  to  149°.  (Kane.) — 2.  Formed  by  saturating  chloride  of  copper  at  a 
high  temperature  with  ammoniacal  gas,  (Graiam.)  Qrocn  powder. 
When  heated  somewhat  strongly,  it  gives  on  nitrogen,  amnioDiay  and  al- 
ammoniac,  and  leaves  dichloride  of  copper  : 

6(NH*,Cua)  =  3Cu-Cl  +  3(NH»,HCl)  +  2NH'  +  N. 

It  is  decomposed  by  water,  yielding  sal-ammoniac  and  the  componnd  6, 
which  dissolve,  together  with  a  bluish-green  residue  of  cupric  oxychloride. 
CuCl,4CuO  (p.  442),     (Kane.) 

6(NH>.CaCl)  +  4HO  =  4(NH^HCl)^^2NH^CoCl^CuCI,4Clla 


Km.,, 

CttCl.. 


1?*0 
67-4 


20  14 

;9'86 


NH**C^Cl 


84-4 


10000 


The  anhydrous  compound,  CuCl,2CuO  absorbs  from  10'4  to  I  I't  MP  I     _ 
of  ammonia,  becoming  slightly  heated,  but  retaining  tts  browQ  oolottr ;  H 
is  thereby  converted  into  NH'H-CnCl,2CuO.  (Kane.) 

X.  pROToceLomDE  OF  Copper  and  AuMoxitrM.  —  Cup 
Chloride,  a.  NH*Cl,CuCL-f  2Aq.^l,  Formed  hy  mixing  the  concentr 
aqueous  solutions  of  equal  equivalents  of  sal-ammoniac  and  protochlondti 
copper,  and  cooling  the  mixture  to  the  crystiil lining  point.  53*4  putaf 
iaf-ammoniac  and  6?  4  pts.  anhydrous  chloride  of  copjier,  or  85'4  pt«,  of  fl 
crystallisecd  chloride,  is  the  prop<»r lion  required.  (Mitwhorlioh,  ./.  pr^Chrm. 
19,  449;  Graham,  Ann.  Phartfi.  20,  32,)^ — 2.  Coneentrated  ftulnttoiis  of  bin* 
Titrtol  and  saUammouiac,  mixed  in  equal  volumes  and  then  cTapoimlff}  a»4 
oooleil^  first  yield  crystals  of  the  double  sulphate  and  afterwards  of  tlit 
double  chloride.  (A.  Vogel,  J.  pr.  Chem,  2,  194.)— 3*  Aqueous  pruto* 
chloride  of  copper  is  supersaturated  with  ammonia,  and  the  Ultof^d  ummi 
concentrated  by  eva|>(>ration  and  slow  ly  cooled  to  tho  cr3r9t&Uiitttf  pwli 
(Cap  ic  0.  Henry,  J,  Fharm,  23,  617;  also  J,  pr,  OM».  13,  IM^  *" 
soltttion  acquires  a  blnkli-graen  colour  during  the  OTiponlmii  muI  ( 
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bluish  flakos.  (Katie.)     As  the  exoese  of  aramoDfa  is  driven  off  bj  ©rapo- 

ration,  protachloride  of  copper  and  ammoniura,  together  with  the  ammotim- 
csoiupriuitd  of  cupric  oxide,  appears  to  form  in  the  ecdution;  and  the  latter 
eeems  to  bo^  for  the  most  part,  decomposed  by  the  heat  into  ammonia 
which  escapee^  and  a  basic  salt  which  is  precipitated  : 

2CuCl  +  2NH'''  +  HO  =  (NH^HCi,CuCl)  +  NH3,CuO. 

Cupric  oxide,  either  anhydrous  or  atibydratefl,  and  likewise  the  carbonate* 
dissolve  with  facility  in  aqueoua  sal  ammo nia<^,  forming  a  blue  solution 
(Brett),  which  gives  off  ammonia  on  boilhig  (L  Thompson);  in  this  case 
also  the  same  compound  if*  probably  formed. 

Square- based  octohedrons.  (Mitj^cherlich.)  Blue  or  sometimes  greenish- 
blue  octohcdrons,  which  yield  a  light  blue  powder,  and  have  a  diMagree- 
able  coppery  taste,  (Cap  &  Henry,)  Siakiu-grecn  cryetalsj  permanent  in 
the  air.   (A.  Vogel.) 

Cr^alltzed.  Cap  Sc  Hennr. 

NH» , 17-0      ..,       12  25  14-46 

Cn M .- .»..       320       ,.,.       23-05  25-03 

CI  „ , 35-4       »»       25-50  27-57 

HCl  .,„„^ «,. ^..,. 36*4       ....      26-23  ,»»...         2C-34 

2H0 ..,„,.„.....,„......„..„, „.       18-0      .,»       12-97  ........  6*60 


NH\  HCl  +  CuCl  +  2  Aq 138-8 


100"  00 


100-00 


I 


The  calculation  h  made  according  to  the  statementa  of  Graham  and 
Mitseherlich*  which  agree;  the  analysis  by  Cap  5t  Henry  corresponds  to 

the  formula,  NH\HCH- CuCl +  Aq, 

The  salt  retains  its  2  atoms  of  water  with  great  tenacity,  and  cannot 
bo  completely  dried  without  volatilization  of  flal-ammoniac.  (Graham,) 
When  hcattHl,  it  gives  off  water  and  turns  greenish,  but  recovers  its  blue 
colour  on  1  icing  moistened  with  water.  At  a  higher  temperature,  it  fuses, 
gives  olF  acid  vapours,  ncconipanied  by  eal-ainmoutac  and  a  femall 
quantity  of  chloride  of  copper^  and  solidifies  in  a  radiated  mass  on  cool- 
ing. {Cap  &  Henry.)  It  is  less  soluble  in  water  than  the  protochlorido 
of  copper.  (GmhauL)  It  dissolves  in  water  with  partial  decomposition 
and  separation  of  a  green  powder,  while  the  solution  is  acid  and  greenish. 
In  alcohol,  especially  when  hot*  it  dissolves  completely  and  without 
decompioflition.  {Cap  Sc  Henry, )  The  aqueous  mixture  of  protochloride  of 
copjver  and  sal-ammoniac  is  green,  but  acquires  a  transient  yellow  colour 
when  heated,  as  do  likewise  characters  tniced  on  paper  with  it. 

%  h,  NH*Cb2CuCi-f4Aq« — By  saturating  one  part  of  hydrochloric 
acid  with  ammonia»  2  pts.  of  the  same  acid  with  cupric  carbonate,  and 
mixing  the  aolntions,  this  salt  is  obtained  in  tine  bluish-green  crystals, 
isonjorjjhoijs  with  the  corresponding  nickel  and  cobalt-compounds,  and 
soluble  in  2  parts  of  water. 


2Cu  , 
3CL.,. 
4HO 


18-0 
640 

106-2 
36-0 


8-03 
28-55 
47*37 
16  05 


HftuU. 
g-08 
277& 
47-39 
16-46 


NH*Cl,2CuCl  +  4Aq 224*2       ,.  .  100  00         99*72 

(Hautz,  Ami.  Phann,  m,  281.)  ^ 

Y.  Ct?pRO-NiTRATE  OP  Ammonia, — 1,  Formcd  by  saturating  cupric 

nitntto  with  ammonia,    (Newmann.) — ^2.  By  passing  ammoniacal  giui 
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tbrongh  a  liot  eaturatei  eolution  of  cuprlc  nitrate,  till  tbe  precipitate  re- 
diss^olvee,  and  leaving  the  solution  to  crystallize  by  cooling.  (Kane.)— 
3.  When  a  basin  contaming  aqueous  ammonia,  and  another  contAiniEc*  a 
concentrated  solution  of  cupric  nitrate,  are  placed  toj^cther  under  a  IktII- 
jar,  a  crystuiline  powder  forms  in  the  latter,  which,  by  recrvitallfjcation  m 
hot  water,  may  be  obtained  in  diistinct  crystals*  (BertKier,)  — Blur  crystals 
(Newmann),  needles  intersecting  carh  other  (Kane). — Give^  oflf  traoM 
of  ammonia  when  heated,  1  ut  no  water  if  it  ba^s  been  previooply  well 
dried.  The  mass  exhibits  small  specks  of  black  oxide  of  copper,  faiej, 
and  at  a  bi^dier  temperature  explodes  with  a  violent  hissing  Doi^,  forming 
a  cloud  of  gaJ?eou8  matter,  and  leaving  a  residue  of  cuprlc  oxide.  (Kane.) 
According  to  Berzeliu§,  also,  the  salt  exhibits  biswing,  but  not  detonating 
explosion;  according  to  Newmann,  it  leaves,  when  disisolved  in  alcohol 
and  evaporated  to  dryness,  a  residue  which  detonates  like  fulminating 
gold  when  heated.  It  di^t^olvcs  easily  in  water;  a  small  quaatity  ol  add 
throwa  down  trinitrate  of  cupric  oxide. 


2NH*.«. 

CttfUaUized. 

34       -.,,       26'56 

Kane. 

25-23                              i 

31-03 

CnO   ..., 

NO* 

40       .,..       31  2  J 
54       ,„.       421!) 

128       ..,.     lOOUO 

1 

NH*,CuO  +  NlP,NO^   or,  ftccording  to  Kane,  Cn,NH*'f  NH',HO,NO», 
L  e,  a  compound  nitrate  of  ammonia  with  amide  of  copper, 

%  Z,  AzopnospiiATE  OF  Ct  rRic  Oxmr.. — When  cupric  &u1pbate  ii 
added  to  a  slightly  acitl  aqueous  tolutiuu  of  cbloropbospbide  of  ni tropin 
decompOi^ed  by  amnumia  and  alcohoK  and  the  mixture  boiled,  a  pale  blae 
flocculent  copper-salt  precijutatcs.  Thi^^  compound,  when  heated,  «welb 
up,  becomes  black  and  aftei'wards  lighter  in  colour,  and  evolves  ammonia, 
vapour  of  water,  and  ttie  white  sublimate  already  mentioned  (p,  250),  as 
produced  by  the  decomposition  of  the  corresponding  ferric-aalL  U  is 
wholly  decomposed  by  a  cold  solution  of  potash. 


4241 

22-62 
4  94 
176 

28^27 


GUdjttone. 
42-4:£ 


3CuO»P^O»  +  5Aq 283       .... 

(GladBtone,  Ch^m.  Soc.  Qn,  J,  3,  147.)  f 


100*(HI 


CoPPKR   AND    PoTASSlt;M. 

A.  Allov  of  Copfeu  and  PoTASSitrw. — ^According  tu  Smlkfl, 
coppr  heated  to  redness  with  cream  of  tarlar  docs  not  l»eeoiiie  albtvfd 
with  potassium.  According  to  Karstcn,  copper  thus  treated  tmke«  uii  a 
fjuantity  of  potassium  not  exceeding  0*13  per  cent,  and  la  tberebr  rv&> 

dered  somewhat  lesa  ductile  when  hot. 


B.  CnpRoiTs  Oxide  with  ruxASU. — a.  Hydrate  of  potash  tupti  ia  a 
copper  crucible  out  of  contact  of  air,  forms  u  red  ma^^,  from  which  wat«c 
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separates  tbo  greater  part  of  the  dioxide  in  the  funn  of  a  brlck-rcd 
powder;  a  small  portion^  liowever,  goes  iutn  the  potash  solution, — 
o,  Wlien  cuprous  oxide,  citlicr  anliydrous  or  hjdrnted,  is  treated  with 
excesj*  of  caustic  potash,  a  sitKill  quantity  dissolves.  The  colourless 
litjuid  tuni!<  hrown  with  suljjhuretted  hydrogen  and  deposits  sulphide  of 
copper.  (Cboducw,  J.  pr.  Chem,  28,  217.) 

B,  CuPHic  OxijjR  WITH  Potash.^— a.  Hydrate  of  potash  fuses  with 
cupric  oxide  to  a  ^reen,  transparent  liquid ;  water  withdraws  the  potash 
from  this  nvdsBt  and  leaves  the  cupric  oxide  undissolved.  (Berzelius*) 
One  part  uf  cupric  oxide  heated  to  commencing  redness,  diss^olve^  ct^m- 
pletely  in  4  or  fi  parts  of  pure  hydrate  of  pota*h  {Potasse  d  Vidcahol)^ 
When  the  cooled  niasa  is  treated  with  water,  oxygen  ^^\a  escapes,  in  con- 
sequence of  the  pre  V  J  on  s  formation  of  piToxiile  of  potas.>ium»  while  flakes 
and  crystals  of  cupric  oxide  free  from  p(pta^h  remain  nndissolved.  The 
crystals  are  formed  during  the  solidi  Beat  ion  of  the  uniss,  for  they  may  he 
recognized  before  the  action  of  the  water;  they  separate  during  tlic  pro- 
cess of  solidifientiou  from  their  solution  in  peroxide  of  potassium  (or 
ratbcr  in  hydrate  of  potash  :  Berzelins);  the  flakes  are  that  portion  of 
the  cupric  oxide  which  remain  in  combination  with  the  pota>^li  hydrate 
even  when  the  mas;>  is  solidified.  When  common -hydriite  of  potash  con- 
taining^ lime  is  used,  scarcely  a  trace  of  cryt^tals  is  produced.  Cupric 
oxide  ignited  for  some  time  with  hydrate  of  potash,  iti  converted  into 
cuprous  oxide,  and  on  treating  the  niiiss  with  water,  the  hitter  is  obtained 
in  smaller  rcil  crystals,  (Becquerel,  ^f ««.  Chlm  FItt/s.  51,  122;  also*Sc/fi^, 
6tjj  401.) — The  compound  of  cupric  oxide  and  potash  is  obtained  on  fusing 
hydrate  of  potiisb  in  a  copper  crucible,  or  cuprous  oxido  and  hydrate  of 
potash  in  a  silver  crucible,  the  air  having  access  to  the  mass.  The  com-* 
pound  is  dark  blue,  soniewliat  green  on  the  surface.  The  longer  the 
fusion  is  continued,  the  greater  is  the  quantity  of  cupric  oxide  dissolved; 
the  proportion,  however,  does  not  exceed  1  part  in  173  to  2CI0  of  potasli- 
hyi  Irate.  The  oxide  is  not  completely  separated  ou  treating  the  ma^ 
with  water;  a  portion  passes  into  the  solution,  and  imparts  a  blue  colour 
to  it  (Chodnew,  J.  pr.  Ciie^n.  28,  217.) 

h.  Strung  potash-ley  niixcil  in  excess  with  hydrated  cupric  oxide  or 
any  salt  of  copper^  dissolves  a  portion  of  the  oxitle.  The  blue  solution, 
when  tieated  for  some  time,  deposits  black  oxide  of  copper,  and  on 
addition  of  water,  the  blue  hydrate.  (Proust,  A.  Gehh  6,  5(jl;^ — conip, 
Robdf,  J,  GM,  6,  440.) — The  blue  solution  is  obtained  cither  by  treating 
the  fused  compound  a  with  water,  t>r  by  dropping  a  dilute  solution  of 
copper  into  an  excess  of  strong,  cold  solution  of  potash,  which  redissolves 
the  precipitate  llrst  formed.  {If  the  liquids  are  hot,  a  separation  of  black 
cupric  oxide  takes  place.)  In  this  combination,  38"5  pi^rts  of  putash- 
hydrate  are  required  for  1  part  of  dissolved  cupric  oxide.  The  solution 
when  once  obtained  is  not  rendered  turbid  either  by  boiling  or  by  the 
atldition  of  water  (contrary  to  Proust's  statement),  but  is  nither  made 
clearer  by  boiling;  even  the  ignited  oxido  dissolves  in  caustic  potash  after 
continued  boiling,  the  solution  taking  place  the  more  easily  as  the  potash- 
ley  is  stronger.  (Chodnew.)  Berzelius  suspects  tliat  the  power  possessed 
by  the  potash  to  dissolve  the  cupric  oxide  may  have  arisen  from  the  pre- 
Be  nee  of  organic  matter. 

c.  Potash  added  to  the  solution  of  cupric  oxide  iu  ammonia,  or  to 
carbonate  of  cupric  oxide  and  ammonia,  throws  down  light  blue  flakes  of 
hydrated  cupric  oxide  contjuning  potash,  from  which  warm  water  ex tnict4 


• 
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the  whole  of  the  potash*  (BerKelitis.)— Gronvelle  (Ann.  Ckim^  Pi^ 
17,  356)  states  that  hydrated  cupric  oxide  precipit&tod  from  copp€ir-«ilU 
by  excess  of  potash,  oontaitis  potash  in  a  state  of  such  intimate  comhina- 
tioD,  that  it  cannot  be  extracted  by  water,  and  ia  cvoq  retained  in  tbo 
anhydrous  oxide  which  is  formed  on  boiling  the  hydrate  with  wat^r; 
it  may,  howeyer,  be  detected  by  evaporation  to  dryness,  and  ignition  with 
nitric  acid. 

According  to  a  former  statement  of  Berzeliue  {Schvf.  30^  10,. .9),  cupric 
oxide  in  excess,  ignited  with  carlwnate  of  potash,  drives  out  J  of  iho 
carbonic  acid,  so  that  KO;CuO -h  3 KO,CO^  is  produced;  water  lidded  to 
the  mass  dissolves  out  the  1  atom  of  potash  and  the  3  atoms  of  the  car^ 
bonate  of  potash,  and  leaves  cupric  oxide. — According  to  Fellenbeig 
{Fogg,  44,  447),  carbonate  of  potash  ignited  with  cnpric  oxide  does  not 
give  off  a  trace  of  carbonic  acid.  Berzelins  (JoAresbtr,  19,  247)  arrived 
at  the  same  result^  and  attributes  the  evolution  of  carbonic  acid  which  ho 
observed  in  his  former  experiments^  to  the  fact  of  his  having  naid  % 
porcelain  retort,  the  silica  of  which  expelled  the  carbonic  acid  from  the 
carbonate  of  pota,^h. — More  recently  Chodnew  (J,  pr,  Chem.  28,  217)  hw 
found  that  carbonic  acid  in  certainly  evolved  in  this  reaction,  provided 
the  heat  be  strong  enough;  and  according  to  Dumas  &  Piria  {J,pr,  Chem. 
27 1  332),  I  atom  of  carbonic  acid  is  expelled  from  4  atoms  of  ^cbosate 
of  potaeb,^ — a  result  agreeing  i>erfeetly  with  the  former  statemeot  of 
Berzelius,  according  to  which  the  quantity  of  carbonic  acid  driven  off 
does  not  amount  to  the  half.    The  subject  ret^uires  further  examination* 

]>.  Carbon  ATE  op  Cupnic  Oxide  and  PoTAfiH.-^T^pWco-^ovhc 

Ciirhonnte, — Aqueous  carbonate  of  potash  dissolves  c4i.rbonate  of  cnvrk 
oxide,  forming  a  pale  blue  solution  (Hausmaun,  Schrr.  J,  4,  57J>);  from 
the  solution  in  bicarlionate  of  pota^li  the  double  salt  cryatallizoa  in  octo* 
hedrons.  (J^chw,  9,  0.)  Iron  immersed  in  this  solution  does  not  preci- 
pitate the  copper,  unless  sal-ammoniac,  common  salt,  nitre,  or  snlphate  of 
potash  is  present.  (Wetular,  S^w.  50,  103.) 

E  Sulphide  of  Copper  and  PoTAsgttfM,— ^,  5  part«  of  ignited  Un 
vitriol,  heated  to  whiteness  in  a  charcoal  crucible  with  5  parte  of  enlph4 
of  pota.'jh,  yield  5'iS  parLs  of  a  metallic  sulphide,  which  is  tumefied  i 
black,  has  an  acrid  and  8ul|ihurous  taste,  efflorescea  in  the  air,  and  gif 
up  it^  sulphide  of  potassium  to  water,  while  sulphide  of  copper  remois^ 
in  the  form  of  a  black  powder.  (Berthier,  Ajtn.  Chim*  Ph^$.  22,  204.)— 
h.  1  part  of  liver  of  sulphur  ignited  with  6  parte  of  oopper-lilin*^,  yiehl* 
a  black,  semi-fused  mass,  frmn  which  water  extracte  nothing  but  sufphate 
of  potash.  (Vauquelin,  Ann,  Chim.  Pkyt.  6,  25.)— c.  A  coppej  vewe)  in 
which  potash-ley  ie  boiled  with  sulphnr,  becomes  rapidly  corroded. 
{Pimhnih.  1781,  28.)—*/.  Bccquerel,  by  the  electrolytic  method  (L  401), 
obUiinod  silky  needles  of  [hydrated  ?]  enlphide  of  copper  and  fK^tassinm. 

Protosulphide  of  copper  ifl  soLuole  in  aqueous  carbonate  of  potaah. 
(Bcrzelius.) 

F.   HTPOffULPinTB   OP  CrpROus  Oxtdk  akd    Potahh*  — ^  { 
pciOific  Bypomlpkite, — a.   WM  I   At.   Foitmh-9ali, — Aqneona   hj 
phite  of  potash  forma  with  sulphate  or  acetate  of  cupric  oxide,  a  i 
mixture,  from  whirli,  after  ti  while,  the  double  salt  is  precipitated  in 
form  of  a  crystalline  powder*  (HamnicUberg.) — The  rodoolion  of 
eupric  to  cuprous  oxide  which  here  takes  plaoe^  ia  aoooa^uied  hf  I 
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farmatioDj  not  of  sulphuric,  but  probably  of  tetrattionio  acid,  (Fordos  &c 
O^lis,  ^V;  J.  Fhami.  4,  308.)  [Perliapa  acconlinijj  to  the  following 
formula]  : 

4(KO,S?02)  +  2(CuO,SO'')  ^  2(KO»SO>  +  KO,Ctt5O.2SW)  +  KO,S*0*, 

(CompATPj  on  the  othcf  tide,  Ltxa,  under  the  bead  of  Hypoftnlphih  qf  Cuprie  Oiride 
md  So(fa.)— The  salt  qtiiokly  turns  brown  while  being  dried  in  tlie  air.  It 
blackens  when  heated,  whereupon  water  extracts  from  it  salphate  of 
potash  free  from  sulphide  of  potassium.  When  boiled  with  water,  it 
disintegrates  and  yields  bhick  sulphide  of  copper^  the  water  taking  up 
sulpLurons  and  sulphuric^  but  no  hyposulphurous  acid  : 

KO,  Cu-0,2S-W  =  2CiiS  +  KO,  BO'  +  SO^ 

With  heated  potaah  it  ia  resolved  into  yellow  bydrated  cuprous  oxide 
and  hy]iosulphito  of  potajsh*  It  disflolvea  with  difficulty  in  water.  (liam- 
nielfiberf,%  Fo^^.  56,321.) 

Cryatidiixed,  Rammclsberg* 

KO 47-2      ....       20-24        17-86 

CtfO - 72-0      ,...      30-87        „        31'40 

2S»0»- 96-0      ....       4M7        4207 

2HO 18^0      ....         7*72        867 


KO,  &Q^  -f  Cu*0,  S^O-  +  2 Aq 233  2 


100-00 


lOO'OO 


&.  With  B  At,  Potaih-^aU. — Preeipitated  on  the  addition  of  alcohol  to 
the  eaturated  solution  of  the  salt  a  in  aqueous  hyposulphite  of  potash,  in 
the  form  of  a  heavy  oil,  which  soon  goUdifioa  to  a  white  mass.  Dissolves 
more  easily  in  water  than  «;  the  solution  remains  undeeompoaed  on 
boil  in  <^,  but  hydrocblorie  acid  liberates  sulphurous  acid  from  it,  precipi- 
tating sulphur  and  afterwards  sulpliide  of  copper.  Chloride  of  barium 
added  to  the  solution,  throws  down  white  flakes  of  the  barytic  double  salt, 
soluble  in  hydrochloric  acid.  Excess  of  ammonia  forms  a  colourless 
litj^uid  which  turns  blue  in  the  air,  (Rammelsberg.) 


Cu'O 72-0 

4S?02 ,. 1020 

3HO ...., 27^0 


32*73 

16-64 

44-30 

6*24 


RjunmeUbcrg. 

31  24 

1541 

46-10 

7-25 


2(K0,  S^O^)  +  Cu^O,  S^O*  +  3Aq* 


432*6 


10000 


100^00 


I 


G,  Sulphite  op  Cuprous  Oxide  and  Potaso,  —  Cvpmso^potnsne 
Sulphite, — When  solutions  of  cnpric  nitrate  and  sulphite  of  potash,  not  too 
dilute,  are  mixed  in  the  cold,  a  yellow  precipitate  is  formed,  coutaiuing 
85-2  sulpliite  of  cuprous  oxide  and  14'8  sulphite  of  pota.^h»  whicli  latter 
may  be  extracted  by  boiling  water.     The  salt  is  insoluble  in  water. 

H,  Sulphate  of  Cdpric  Oxide  akd  Potash*  —  Cuprtco-pfytfis^ 
Sulpltate.'^Vmmed  by  dissolving  pure  or  carbonated  cuprlc  oxido  in 
a(|iieous  bisulphate  of  potash,  or  by  mixing  monosulphate  of  potash  with 
monosulphate  of  cupric  oxide,  and  leaving  the  solution  to  crystallize. 
(F.  C.  Vogel,  Si^hitf,  7,  40.)  By  beating  the  crystals,  the  dry  salt  is 
obtained  in  the  form  of  a  green,  friable  mass,  which  fuses  at  a  red  heat, 
giving  off  a  portion  of  its  acid.  (F.  C.,VogeL)  When  cooled  after  fusion, 
it  solidifies  in  a  blue  masi*,  whicb  soon  falls  to  pieces  in  scalcji  or  powder, 
with  decrepitation  and  formation  of  cracks.  (Graham,  Phil.  Mag.  /.  4,  418; 
Bbttger,  Fogg,  50,  43.) 
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From  the  aqueous  solution,  the  m\i  separates  in  combiD&tion  with  6 
atoms  of  crjstalli^iitiuii-wiitcr,  fonning'  pale  blue  cry4*trtls,  isomorphooB 
witli  th(»Be  of  fiulpbnto  of  magnesia  and  animonia  (Afitscherlich),  and  of 
Bpecific  gravity  2-107^  {K«ppO  -^¥A  84>  i  lu'  ur  u=l0^'60  ;  t :  »= 
154^^  20';  t:/=llG^  20;  n'  r^^lOT"  3.5';  uii^UG"  12'.  (Brooke,  Ann. 
PhiL  23,  11 8,)— The  crystals  heated  to  100^  in  the  air,  give  off  11-27  p*f* 
(2  Att)  of  water.  (Gmliarn.)  They  are  easily  i^oluble  io  water 
(F.  a  VogeL) 

KO 47*2        28'23 

OaO 400 23-92 

2S0a 80'0 ,         I7'85 


KO,fSO*  +  CuO,B03.. 


167*2 


KO ... 
CmO 
2SQ» 
6H0 


OrystaUized. 
47  2  21-34 

40  0       .  18  08 

800       ....       3iilG 
540       .„.       24*42 


10000 

F.  C.  Vo^el. 
21-42 

1800 
36-08 
24 '30 


I 


Gr«hattL 
t  75-Cl 


24  39 


KO,SO»  +  CuO,SO='+6Aq,  221 '2 


100*00 


loo  00 


100*00 


^talliqiH 


The  aqueous  solution  when  boiled,  deposits  a  light  grceu  crvstallii 
powder,  coofiii^tifig  of  a  ifiuk  doulfe  salt,  so  that  the  liquid  filtered  t 
til  is  deposit  not  only  yields  erystals  of  the  normal  Fait,  but  ultimftl 
a  inother- liquid  containing  bitiulphate  of  potash.  The  basic  cry* 
line  powder  appears  by  analysis  to  consist  of  KO,4CuO,  4S0*-f  4Aq; 
different  i^amples  of  it,  however,  gave  different  results,  eo  that  it  mttsi  he 
regarded  as  a  vHriahle  mixture  of  two  basic  salts,  Wbeu  boiled  for  tome 
time  with  water^  it  leaves  basic  sulpbatc  of  cupric  oxide,  the  wmler 
taking  up  the  sulphate  of  potash,  together  with  a  small  quantity  of  cupric 
oxide.  {Brumier,  /\^</^,  15,  476;  32,  221.)  Graham  likewise  obtaiawl 
the  buMC  double  salt  on  boiling  the  solutionj  and  found  that  it  waa 
decomposed  during  washing. 


I.  Selexiate  op  Cupric  Oxide  and  Potash, — Exhibits  ehj 
similar  lo  those  of  tbe  sulphate.  (Mitscherljch.) 


aiaetei^H 


K,  DiNroDiDE  OP  Copper  and  Potassium. — Cuprtuo-potasfic 

— Becqucrel   obtained   this   salt    in   white    needles   by   the  electiolytie 

method,  {L  401.) 

L.    BicaLORiDB    OP    Copper    and    Potassium.  —  Cuproso-poiamit 

Chloride.— Fonned  by  boiling  dichloridc  of  eopper  in  a  small  qitantity  of 
water^  adding  chloride  of  potassium  till  all  the  dichlorido  of  cop|>eV  k 
dissolved,  ami  cooliug  the  solution  to  the  crystallizing  ptdnt.^ — Aohydfoi 
regular  octohedroua  i^  2KCI,  Cu'^CL  (Mitscherlich,  .tnti,  Chim.  Pk$ 
73,  384.)— Becquercl,  by  the  elect rwly tic  method,  obtained  the  same  on 
similar  compound  crystallized  in  letrahedri"us,   {I,  401.) 

M.  PnoTocnLORiDK  op  Copper  and  T^otassivm^ -^  Ouprk^^ 
Chloride. — Formed  by  cooling  a  concentrated  aqueous  mixture  ol  pt 
chloride  of  copper  ami  chluride  of  potassium,     Square-bascni  octobeiti 
=  KClt  CuCl  +  2A4^.  (Mitscberlit'h.)      Double  six-sided  pynuiiids.   (Ja 

Suclain.)     Soluble  lu  water  and  alcohol.  (BerEelius*  P'i^ig.  13,  459;  < 
oullay,  J,  Pharm,  12,  R39;  Graham,  Ann,  Phann,  20,32.) 


» 


niTOSULPHITE  OF  CUPROUS  OXIDE  AND  SODA* 


39-2  „.  27-61 
320  „..  22-53 
70*8     .,..     49-86 


K 

Cu  ,.. 
2Cl  ,.. 
2HO 


3Q'2  .„.  24-50 

32-0  ..„  20-0l> 

70-8  ....  41-25 

180  ....  11*25 


KCJ,CuCl...     142^0 


10000 


+  2Aq.-„.     1G0*0 


N.  FujoRiDE  OP  Cqppeh  and  Potassium. — ^KF,  CuF. — ^PalebluisU- 
green,  granular  ciystals,  easily  soluble  in  water,  (Bcrzolius.) 

Copper  and  Sodiitm. 

A.  Gt'pRic  Oxide  with  Soda. — a.  Hydratenfsfjda  likewise  rlissolvea 
cupric  oxide  wlieu  fused  witli  it.  (Berzelhis.)  Cupric  oxiJe  la  also 
sliglitlj  soluble  in  aqueous  sola tt on  of  soda. 

B.  Ca  II  BOX  ATE  OF  CuPitTc  OxTDE  AND  SoDA. — Q,  Aqaeous  carb(mato 
of  soda,  tbe  bicarbonate  more  eapecmlly,  dissolves  a  small  quantity  of 
cuprie  oxide,  forming  a  pale  blue  solation, 

h.  Carbonate  of  soda  heated  with  cupric  oxide  on  platinum  before  tbo 
blowpipe  dissolves  it,  ffirniing  a  glas^s  wbitdi  is  i^'reen  white  hot,  and 
becomes  white  and  opaque  on  coolings.   (Bcrzclins.) 

c.  By  the  electrolytic  metJiod  (!»  402),  bluish-groen,  silky  needles  are 
obtainetl,  from  which  hot  water  extracts  carbonate  of  i^oda,  antl  j^ejiiiratoa 
brown  cnpric  carbonate.  (Beccjuereh) 

C.  Borax  forma  with  cupric  oxide  in  the  outer  blowpipe- flame,  a  clear 
hlnislj-grecn  glass?,  which,  when  heated  in  the  inner  flame  —  e:?.pe- 
cially  with  the  addition  of  tin — is  decolorized  by  formation  of  cnprons 
oxide,  but  at  the  moment  of  solidification,  becomes  scarlet-coloured  and 
opaqne.  (Bcrzclins.) 

D.  With  Microcomnic  Sftlt,  cupric  oxide  forms  a  hluish-green  bead  in 
the  outer  flame;  and  this,  when  heated  in  the  inner  flame,  becomes  opaque 
and  red  or  brown-red  nt  the  moment  of  solid ilieation,  if  the  quantity  of 
copper  is  eonpiderable,  but  transparent  and  ruby-red  if  the  quantity  is 
small;  with  a  still  smaller  quantity  of  copper,  the  red  colour  id  not 
proilueed  witliont  the  addition  of  tin;  after  a  momeot\s  exposure  to  the 
hlai?t,  the  colourless  glabt*  solidiiies  on  cooling  to  a  red,  opaque  ma«s. 
(Berxelius.) 

E.  HYPosrLpniTE  op  CupROirs  Oxide  and  Soda. — Cuproso-soille 
MtfposHlphi(e,--^(T,  With  8  At.  Coppa'*saIt  to  2  At,  Soda-salt. — A  cold 
aqueons  mixture  of  hypos^ulpbito  of  soda  and  excess  of  cnpric  sulphate  or 
acetate,  forms  in  a  f^hort  time  a  thick,  egg-yellow,  crystalline  precipitate, 
which  must  be  quickly  collected  on  a  filter,  wiL-^hed  with  water  containing 
a  mnall  quantity  of  acetic  acid,  and  rapidly  dried  in  vacuo  over  oil  of 
vitriuL  The  formation  of  this  salt  is  attended  with  ttie  production  of 
sulphuric  ucid,  a  fact  wbitdi  may  easily  be  verified  by  Uisjng  acetate  of 
cupric  oxide  h\  the  prep:iration  iuf^tead  of  sulphate.  If  the  solutir»ns  are 
warm  when  nitxed,  n  brown  precipitate  is  formed;  the  yellow  precipitate 
likewi.se  turns  brown  if  the  filtering  and  waf<hing  arc  not  quickly  per- 
fiirmed, — ulso  when  it  is  gently  heated.  Oil  of  vitriol  decomp(jscs  tlie 
**ilt  immediately;  dilute  sulphuric  ackl  boiled  with  it  liberate.^  sulphnron* 
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and  stilpliate  of  cupno  oxide  &nd  ammonia,  in  pale  bltio  crjrsHls,  bartn^ 
the  form  of  sulphate  of  magaesia  and  ammonia*  (Detie^  itnn,  Fkam. 
14,  2a4,) 

(NH^O,  SO*  +  MgO,  S0>  +  6Aq.)  -»-  (NH*0,  S0»  +  CtiO,  SO»  +  6Aq,) 


2NH3 31 

CuO   „„„ .„.,.^        40 

4S05   .... „...„,    16a 

HHo  ,.,; lt% 

3S0 


Bette. 

8*95  .,, 9-20 

525  4  54 

10-53  10*711 

42'U  40  96 

3316  34-52 

100  00  100*00 


Copper  amj  Alcmikum. 

A,  Alitminate  of  Cupric  Oxide. — Precipitated  on  mixing  B  witK 
ammonia,  an  exces.^  of  that  reagent  not  being  able  to  extract  the  cupric 
oxide. 

B.  Flituklde  of  Ahjminum  and  Copfkb.  —  CuF,  Al'F'.  —  Pale 
bluisb-green  [liydrated  X\  needles,  Tory  slowly  but  coni2>letaly  soluble  iu 
water.  (Berzelius.) 


Copper  and  ZiRcoNirM. 

Zircon  ATE  of  Cupric  Oxidk. — When  a  salt  of  zirconia  mixied  iriA 
a  cupric  salt  is  prcclpittitiHl  by  aninioiiia  in  excess,  the  xirconiA  CAirfM 
down  the  cupric  oxide,  which  cannot  bo  extracted  by  ammonia,  mid 
forms  with  it  a  4?ky-blue  precipitate,  which  beconici*  emerald-green  afUff 
ignition,  Whilti  yet  moij^t,  it  gives  up  part  of  iUj  cupric  oxide  t«>  car- 
bonate of  ammonia,  hut  is  not  completely  decolorized  by  it.  The  cupric 
oxide  is  not  separated  by  oxalic  or  acetic  acid.  (Berthier,  Ann,  Chim, 
P/qjs.  4D,  IDO.) 

Copper  and  StLiciiTM. 

A.  SiLiciBE  OP  Copper.— a.  Silicium  may  be  fused  into  a  ductile  l*C- 
witb  copper  before  the  hlowpi|>c,  and   the  alloy  thus  formed   le4iret% 
Biliceous  skeleton  when  dissolved  iu  acids.  (BerzeliUfti,  Papg^  1,  220.)— 
h.    By  beating   copper   to    intense   whitened   with    silica   and    cbarcool 
powder,  a  compound   is  obtainod   cotitaining  a  email  quantity  of  carl>on 
and  perfectly  soluble  in  acids;  the  t;olution  when  evaporated  yields  5  jh 
cent  of  silica,  (Berzelius,  Gilh.  36,  100.) 

B,  StLTCATE  OF  CrPRic  OxiPE,  or  CupHio  SiLiCATE,^m.  Mon^lieok. 
— dt.  3f<^no-hi/Jra(€iL—I'Jmn'ai(i  C<>ppef\  \>t  DioptoM, — Crystalline  syiim 
tb©  rbomhuhedrah     riimary  form   an  ohtuee  rhombohedron ;  Fitj,  141, 
H:f'*:=:12C    17-;  less  obtuse  rhombohedron;  7'=;r»=95-'  48,  often  wil 
truncated   lakral   cdjres,     iV^/.    145.     SjHTific   gravity  3  278*     Of 
hardness  of  apatite, — Transparent,  emerald  green.    Turns*  black,  frnm  U 
of  water,  in  the  outer  tlamo  (green  in  the  inner:   Kobtll)^  and  n?d  in   ' 
inner,  without  fu»in^'.     With  a  gmall  quantity  of  carbonate  of  ftoda 
charconl,  it  yields  a  turbid  red  gla*^^,  together  with  a  bead  of  cop|>er;  witK  a 
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[larger  quantity  of  carbonate  of  soda,  H  smka  into  the  cliarcoalj  leaving 
[metallic  copper  on  the  surfaco*  Dissolves  readily  in  borax,  exhibiting 
■the  usual  reactionss  of  copper^  and  forming  a  bead,  which,  if  exposed  to 
the  outer  flame  after  cooling,  imparts  to  it  a  momentary  green  colon r, 
and  when  heated  in  the  inner  flamcj  yiebk  reduced  copper.  Dissolves  in 
microcoamic  salt  with  the  reactions  of  copper,  and  separation  of  a  eiliceoiia 
skeleton.  (Berzelias*)  In  heated  nitric  or  hydrochloric  acid,  it  dissolves 
witE  foramtion  of  a  jelly. 

Diopia&e.  Hess,  Vauqtioliii. 

CaO,.... .„,  ....  3^39 

MgO ,...  ...  ..  0"22 

CuO „....,« , 40     5000  .  45-10        ....         45'46 

SiO* , 31        .       38*75  .  .  36-85         ...         43'18 

HO y     ,..       11-25  ...  11-52        ....         11^36 

APO»    .„., , ....  ...  2-36 

CuO,SiOs  +  Aq ,        80     ...,     100*00    ...    99*44        Z       100-00 

Q,  Bi-hydrated, — ChrysocoUa, — Kidney-shaped^  globular,  botryoidal; 
fracture  conchoiilal;  sp.  gr.  2'2.  Harder  than  gypsum.  Opaque  or 
■ligbUy  translucent* — Before  the  blowpipe  it  behaves  like  dioptase. 
Hydrochloric  acid  decomposes  it^  with  separation  of  gelatinons  silica, 

ChrytocQlla,       Kobell.  Bertbier*  Bowen. 

CStiO. 40  ....  44-94  ....  40-00  .  .,     399  ...    42-73     ....    35-1  ....  45-18 

S|0».. 31  ...  34-83  .  .  36-54  ...     350  33  67     3fr4  ..  37-25 

2HO 18  „..  20-23  ....  20-20  ....     21*0  .,..  23'60     .  .    28-5  ...  17-00 

W0»  , ....     1-00  ....      3-0  .... 

QnarU ....     2-10  Clay  1-1  ....             Quartz  1-0  .,.. 

CaO»Si02  +  2Aq.      89  ...100-00    ,,,  09'64     .,  .  1000...,  10000     .  .  lOO'O  ....  90-43 

€k  From  Bogolowsk,  When  it  is  dissolved  in  caustic  potash,  there 
remains  2*1  per  cent,  of  quartz.  (Kashi,  Arch.  23,  103.) — ^5*  From  Bogo- 
lo wsk .  {A nn .  Oh im .  Ph/s.  51,  396.)  —  c.  From  Ca n a vei lies;  p re v i onaly 
freed  from  admixed  malachite  by  digestion  in  ammonia.  The  calculation 
of  the  analysis  is  made  after  deduction  of  12-7  per  cent  of  admixed  quartz. 
— d.  From  Snmnierville,  New  Jersey.  This  variety  is  suppo.sed  by 
Berthier  to  contain  4  atoms  of  water.^-d.  From  the  same  locality. 
(Schw.  43,  314.) 

I,  Quadroulkate. — An  aqueous  solution  of  silicate  of  potash  yields 
with  cuprie  salt^,  a  greeni-'^h-blue  precipitate^  which  retains  its  colour 
even  at  a  boiling  heat.  (Fuchs.)  Quadroailicato  of  soda  gives  a  more 
copious  precipitate  with  cuprie  nitrate  than  caustic  soda,  (Walcker.) 

C.  Cuprous  Siltcofluohide.— Cu'F,SiF^ — Copper-coloured»  resem- 
bling difluoride  of  copper.  Behaves  like  the  latter  when  exposed  in  the 
moist  state  to  the  air*  Wlien  somewhat  strongly  heated,  it  fuses  and  givea 
off  gaseous  fluoride  of  silicium  with  ebullition.  (Berzeliue,  Fogg.  1,  109.) 

D.  Cdpric  SnicoFLTTORinE. — CuF,SiF'  +  7Aq*  —  The  solution  of 
eupric  oxide  in   tcr-hydrofluate  of  silica,  yields  by  spontaneous  evapora- 

■•tion^  blue,  transparent  octobedrons  and  six-sided  prisms,  which  effloresce 
"in  the  air,  becoming  light  blue  and  opaque  and  giving  off  2  atoms  of 
water,  and  are  easily  soluble  in  water.     (Berzelius*) 

VOL,  r,  2  iL 
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CorpEH, 


and  sulpbaie  of  cuprtc  oxiile  and  ammoDia,  in] 
Ihe  form  of  anlpbate  of  magnesia  and  amrnc 
14,  284,) 


2NH» 

MgO  .„...-.    ... 

CttO   ....,.„..„. „.„ 

4SO»      „ ^ 

34       .. 

20       ,. 

40 
.  160 
.       126 

8-95 

5  25 

10-53 

4211 
33'16 

14H0.. ...... . 

580 


10000 


Copper  and  Alfmikuji, 

A,  Aluminate  of  Cupric  Oxide, — PreciDJi 
ammonia^  an  excess  of  ibat  reagent  not  being  3 

oxide.  m 

B.  Fluoride   op  Alumotum  and  Copper 

bluisb-green  [hydrated  ^]  needlea,  yery  slowlj  bi 
water,  (Berzelius.) 

Copper  and  ZiAcoKitrit, 

Zircon  ate  of  Cupric  Oxide. — Wlien  a  salt 
a  cupric  siilt  is  precipilatetl  by  ammonJa  in  exo 
down  tlie  cii]inc  oxide,  whicb  cannot  be  extrs 
forms  with  it  a  Bky-bJue  precipitate,  wbicb  beco 
ignition.  Wljilo  yet  moist,  it  gives  op  part  of  i 
bonate  of  ammonia,  but  is  uot  completely  decolor 
oxide  is  not  separated  by  oxalic  or  acetic  acid 
F/iys.  49,  196,) 

Copper  and  SilictijiI 

A.  SiLiciDE  OF  Copper.— a.  SiUcIura  may  I 
witb  cupper  before  the  blowpipe,  and  the 
siliceous  skeleton  when  dissolved  iu  acids.  (Be 
b.    By  beating   copper   to    intetjse  ivbiteiie&i  with 
powder,  a  conipouod  is  obtained  containing'  a 
and  perfectly  soluble  in  acids;  the  soJueioo  whc" 
cent,  of  silica.  (Berselius,  Gilb.  36,  iOQ.) 

B,  Silicate  ofCfpbjcOv  '*" 

tbe  rbombobedrah     Frin 

,j  .  ,j»_j2(j'  17';  less  ol  

truncated   latoml  ed*« 
ba^itless  of  apalite^ 
of  water*  m  i^' 
inner,  with 
cVmrcoft\,y 
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E.  and  F.  Ouprons  oxida  forms  with  glsiss-fluxes,  someiunee  tiLood- 
red  and  transparent,  sometimes  brown-red,  opaque  masses-  Capric  oxido 
imparts  to  gkj^s-Euxea  a  bine  or  greeni&h-blae  culoui  without  diminiftliing 
their  transparency.  ^ 

Copper  and  Titanium, 

Fluoride  of  Titanium  and  Copper. — HydrcUed, — ^Formed  liy  mix- 
m%  the  two  Bimpk  salts.  Long,  pale  bluiab-CTOcn  needles,  which,  with 
tbe  exception  of  tlie  colour,  perfectly  resemble  the  fluoride  of  titanium 
and  majt^nesinm.  (IIJ,  487»)  They  dissolve  in  pure  water  with  portittl 
decomposition^  easilj  and  completely  in  acidulated  water.  (Berzelius.) 


Copper  and  Tungsten. 

A.  TuNGSTiDE    OF    CoppER.  —  Brownish    copper-coloured, 
tolerably  extensible. 

B.  TUNGSTATK  OP  CuPRIC  OxTDK,   or  CUFRIC  TuKOSTATB, — a,   JIa  

iun^iiaie. — Otipric  salt^  throw  down  from  monotangstaie  of  poladi  ft  liglit 
green  powder,  which  turns  yellowish-brownj  and  gWe^  ofiTita  wmter  when 
heated^fiii^es  at  a  red  beat — and  on  cooling,  ^oiidifies  in  a  cbocoUte- 
colourcd,  crystalline  mass^i,  having  in  its  cavities  crystalline  geodes,  wtichp 
when  exammed  by  the  microscope,  are  found  to  consist  of  traosponoi 
six-aided  prisms  of  a  deep  wine-yellow  colour.  The  nnignited  salt  i» 
insoluble  in  water,  but  after  continued  washing,  passes  throagh  the  61tff 
and  renders  the  liltrate  milky.  It  dissolves  in  phosphoric  acid,  acetic 
acid|  and  ammonia,  but  not  in  oxalic  acid.  (Anthou.) 


CuO. 


IfftUied* 
40     .,.     25 

120     .„.     75 


Anthoa* 
25-84 
7410 


CuO. 
2H0 


DrUd  in  ike  air, 

40     „.,     22-47 

120     ....     67*42 

18     ...     101 1 


Aaliioo. 


CuO,W03    160     ....  100 


lOO'OO 


+  2Aq.»„     178 


100*00 


100 


h,  BUunffHaie* — ^The  Hght  green  precipitate  obtained  with  an  alkaliat 
bitungstate,  turns  brown  and  gives  off  water  when  ignited,  fating  fi^r- 
tiully,  throwing  out  cauliflower-liko  excrescences,  and  tinally  assuming  i 
dark  lesid-grcy  colour.  The  nnignited  salt  when  digested  in  oitrre  wiJ, 
swells  up  in  a  gelatinous  form,  but  does  not  dissolve.  It  is  UkewiM 
insoluble  in  water,  but  soluble  in  ammonia.  (Anthon,  «/.  pn  CAiM* 
9,  340.) 


IgfUM^  AnthoD. 

C^a. 40  14-29    ...  13-64 

2W0» 240  .„.  85-71    ...  8G'3G 


Driti  in  Urn  mif. 

CuO 40  _  12*66  «.. 

2WO'.„.. .     240    ...  75  9a  .,.. 

4HO   ......      56         11-30  ,     tl 


CuO,2W0*     280  ...  lOOOO  ....lOO'OO 


+  4Aq. 


310  „  100*00      100 


C.  CupRic  SuLPHOTUNQSTATE,--CuS,WS\— Liver-coloured  piropi- 
tate,  which  assumes  a  dark  brown  colour  when  collected  on  the  filter* 
(Berzelius.) 
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Copper  akb  Moiybdexitm. 

A.  MoLYBDiDE  OP  CoppER. — Palo  copper-Fcd;  malleable  if  tho 
molybdcBUin  ia  not  in  excess.  (Hiclm,) 

B.  MotYBDATE    OP    CuPRIC    OxiBE,    OF    CUPRIC    MoLYBDATE. — Yel- 

lowifih-grecii  precipitate,  sparingly  sohible  in  water,  dctoinposed  by  acid« 
and  by  alkalis.  (Berzcdina.) 

C.  CrPRic  Sttlphomolybdate.—CuSjMoSI— Black-brown  precipi- 
tate. (Derzeliaa) 

D.  CiTPBic  Persulphomolybdate. — CuS^MoS**,*- Bark  rod  precipi- 
tate, wliicli  turns  brown  when  collected  on  the  filter.  (Berzeliusj  Pogg^ 
7,  2870 

Copper  aitd  Vanabhtm. 

V ANA  1)1  ATE  OP  CrpRic  OxiDE,  or  CupRic  Vanadiate. — «.  Mono- 
Tanadlaifi, — An  aqTioon^  mixture  of  a  copper-salt  with  an  alkaline  mono- 
vanadiate^  yields,  on  the  addition  of  alcohol,  a  yellow  precipitate,  which 
18  soluijlo  in  water,  and  when  the  water  is  cvaporatod,  remains  in  the 
form  of  a  dark  yellow,  amorphons  mass. — Blvanadiate, — Separates  gradu- 
ally from  an  aqueous  mixture  of  bine  vitriol  and  bivanaxliato  of  potash,  in 
the  form  of  a  yellow,  crystalline  crust.   (Berzelius*) 

Volborthitc  appears  to  bo  a  basic  Vanadlatt  of  Cupric  Oxide.  Olive- 
green  needles  united  in  tufts,  yielding  a  yel I o wish-green  powder.  Specific 
gravity  355.  Turns  black  and  gives  off  water  when  heated.  Fuses  eaaily 
on  charcoal  without  fume  or  deposit,  and  when  more  strongly  heated, 
solidifies  in  the  form  of  a  graphitic  slag,  containing  grannies  of  metallic 
copper,  Witli  carbonate  of  soda  on  charcoal,  it  immediately  yields 
copper.  Dissolves  in  borax  or  microcosmic  salt,  producing  a  beautiful 
green  colour.  Heated  with  not  too  largo  a  ipmntity  of  microcosmic  8alt 
on  idatinum  wire,  it  forms  a  green  glasa  in  the  inner  flame  and  yellow  in 
the  outer,  the.sc  colours  becoming  brighter  on  cooling;  with  tin,  the  bead 
becomes  red-brown  and  opaque. — Dissolves  in  hydrochloric  acid  with 
evolution  of  chlorine;  the  solution  in  moderately  strong  nitric  acid,  when 
left  over-night,  deposits  brick-red  vanadic  acid.  Insoluble  in  water, 
(He«s,  J,  pr.  Chein.  14,  52.) 


Copper  aa*d  Chromium. 

Chromatt:  of  Citprtc  Oxtbe,  or  Cupric  Chromate.-*^.  Wii^i  a 
great  excels  of  Base  ?— -Prepared  as  a  fine  green  colour  by  the  following 
methods  i  K  By  adding  2  parts  of  pearl-ash  and  1  part  of  clialk  to  a 
f^olution  of  48  pts.  blue  vitriol  and  2  pts.  bichromate  of  potash,  pressing 
the  precipitate  to  expel  the  greater  part  of  the  water,  and  tben  drying 
and  reducing  it  to  powder*  The  colour  is  not  so  fme  as  that  of  Schwein- 
furt  green.  (Juch.  J.  pr.  Chan,  20,  204.)  [According  to  these  propor- 
tions, the  precipitate  might  contain  2  At.  cupric  oxide  to  1  At.  ehromic 
acid.  The  pret?eribcd  quantity  <tf  cupric  oxide  ajqjcar^  to  be  much  too 
large.] — 2.  By  gradually  adding  ammonia  to  a  solution  of  2  pti;,  blue 
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vitriol  and  1  pt.  bicliromate  of  potash,  at  a  temporatur©  between  20''  and 
30^*,  till  tbo  red-brown  precipitate  [of  suit  6  /]  produced  at  first,  begins  to 
turn  green;  if  too  mych  aiiiiiionia  wore  aildod^  the  precipitate  would  dis- 
solve and  form  a  icreeii  solution.  When  tke  temperature  and  theqnantitj 
of  amnnniia  ure  rightly  adjtisted,  the  colour  is  very  brilliant ;  the  preci- 
pitate imnlnceil  at  too  high  or  too  low  a  temperature  loses  all  its  chromic 
acid  durintr  watthiug,  and  is  converted  into  the  blue  hydrated  oxide. 
(Leykauf,  X  pr,  Chem.  22,  448,) 

b,  limic  / — 1,  MoDoehroinate  of  potash  forms  with  neutral  copper- 
sal  tB,  a  yellowish -hrowu  precipitate,  becoming  chcatnut-brown  when  dry, 
(Vau<nic/Hn,)  After  complete  washing  with  hot  water,  the  salt  a&sumei 
a  li^'hter  colour,  and  when  perfectly  dry,  becomes  yellowish-brown,  like 
liydnited  ferric  oxide*  (Biittger.)  When  monochromate  of  potash  ^^J 
dropped  into  a  boiling  eoliitiou  of  blue  vitriol,  the  blue  colour  changl^^H 
through  greon  and  yellow  to  red,  whereupon  a  brown  precipitate  is  pn^^ 
duced,  which  linally  becomes  diirk  red-brown,  (Bensch,  ^**i7*/*  55,  97.) 
Boiling  water  extracts  from  the  precipitate  a  large  «|uautity  of  biclirofiislo 
of  potash,  (Gm.)  2.  By  treating  carbonate  of  cnpric  oxide  with  ezeeH 
of  chromic  acid^  the  t^alt  is  obtained  with  a  yellowish-brown  oolonr. 
(Bottger.)  Potaeh  or  soda  withdraws  all  the  chromic  acid  from  this  silt, 
separating  the  blue  liydrated  oxide  in  the  cold,  and  the  black  anhydroiii 
oxide  at  higher  temperatures.  Dieijolves  easily  in  dilute  nitric  acitl,  and 
likewifie  in  amntonia,  in  which  it  forma  a  green  solution^ 

Sarifuil  salt  ?*— Bichromate  of  potash  does  not  precipitate  cupric  nlU. 
The  8olntion  of  hydrated  cupric  oxide  in  aqueous  chromic  acid  yields  by 
elow  evaporation — during  which  it  effloresces — ^transparent  green  crystal^ 
having  the  form  of  blue  vitriol  and  a  density  of  2*262;  they  contain  33'5 
per  cent*  of  ^vatcr.  Tlie8e  crystals  turn  white  when  dehydrated,  and  if 
Hubaequently  moistened  with  water,  become  very  hot  and  recover  their 
green  colour.  They  are  easily  soluble  in  water,  but  insoluble  in  alcohoL 
(Kopp,  Atin.  rimrnu  42,  98.)  The  author  did  not  succeed  in  obcainiog 
this  salt.  The  carbonate  of  cupric  oxide  dissolved  sparingly  in  aqueous 
chromic  acid,  and  the  brownish-yellow  solution  yielded  on  evaporation  % 
non-crystalline  residue,  from  which  water  extracted  chromic  acid  with  ft 
email  quantity  of  cupric  oxide,  leaving  a  dark -green  powder,   (Gm.) 

B,  CupRo-ciiROMATK  OF  Ammonia, — Monochromate  of  cupric  oxide 
yieldsj  with  aqueous  ammonia^  a  beautiful  dark  green  solniiun,  which 
does  not  lose  its  colour  by  exposure  to  light,  and  again  yields  cupric 
chromate,  both  on  evaporation  and  on  the  cautious  addition  of  acid. 
(Vuatlai't,  J.  Fhatm.  lU,  607.)  The  green  solution,  if  covered  with 
Btrong  alcohol,  depoi^its  cuprocbromate  of  ammonia,  in  the  form  of  n 
dark  green  powder,  which  must  he  eolle».'ted  on  a  filter,  and  then  wiushcd 
with  alcohol.  It  decomposeii  when  kept  for  some  time.  In  Lot  water  it 
is  resolved  into  chromate  of  ammotda^  whicli  dissolves,  and  a  li^ht  gftio 
powder,  which  evolvcii  ammonia  when  treated  with  potasbj  and  is  theiD- 
foro  a  baaio  double  salt.  (R.  Bbttger,  BcUr.  2,  77.) 


Copper  and  Uranium, 

URAKTCO-ccpnic  PnospaATE. — ChalkoUte^  Kitpfirurangtimmer, — Iso* 
morphous  with   Cakarcom  UranUe.  (IV.  101,)      Si^kiu-grven.     Bd 
the  blowpipe  it  behaves  like  calcareous  uranitc,  but  when  bealed 
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charcoal  with  carbonate  of  soda  in  the  inner  flame,  it  yielda  a  bead  of 
copper,  eometimes  coloured  white  from  the  presence  of  arsenic  ;  with 
niicrocosmic  salt  and  tin,  it  gives  the  reactions  of  cuprous  oxide.  (Berze- 
lius,)  When  moistened  with  hydrochloric  acid^  and  held  by  the  forceps 
in  the  hluwpipe-liunie,  it  assumes  a  blue  colour,  (Berzelins,)  ItJi*  powder, 
when  boiled  witlt  potash,  acquirca  a  dark  brown  colour,  ochre -yoUow  in 

Iparts.  (v,  Kobell.)     It  is  easily  soluble  in  acids. 
B^^rzelms.  Phillipa. 

CiiO 400         ...  8-48         ,.  .  8-44         .,.  9"0 

2iro*   .,..» »..» 2880         ..,         61 -Ol*         ..  60  25         ....         60^0 

P0» n'4  .„,  1^15  .  15r57  ...  160 

iHO 72  0         .  IS  28         „..         15*05  U*5 

AgO»,F,Su»Pb,Fc , .  ...  trai-e 

^pMrtrix  .^^^^ 070         .  .  0-5 

» CttO^glPCW  -t-  8M'       471-4         ...      lOODO        Z.       lOO'Ol        Z.      100*0 

l^^^k  CoppEn  AND  Manganese. 

A.  Alloy  of  Copper  and  Manganese. — Roddi.^h-wliite>  very  malle- 
_  able;  acquires  a  green  larniah  by  lung  oxposuro  to  the  air, 

™  B.  Peroxide  op  Manganese  with  Cufbic  Oxide. — Found  in  an 
impnre  state  as  Cupreous  Manganeie,  The  ore  from  Kamsdorf  gives  oflf 
oiygen  gas,  water,  and  a  trace  of  ammonia  at  a  red  heat,  and  fuses  in  the 
outer  blowpipe-fhtme  to  a  bead,  at  the  i^anie  time  colouring  the  iJume 
green  ;  on  charci>al  it  fuses  to  a  slag.  Dissolves  in  hydrochloric  acid, 
with  evolution  of  chlorine,  forming  first  a  brown  and  then  a  green  liquid* 
May  be  regarded  as  IMO,2MnO-  + SAq.,  where  the  symbol  MO  denotes 
CuO  and  other  fixed  bases,  ineludiDg  MnO,  the  nianganefsc  being  contained 
in  the  mineral,  fi^^St  MnO*  and  ^  as  MiiO.  { Rammelsbergi  54,  540.) 
The  cupreous  manganese  ore  from  Schlackenwald  yields  water  at  a  red 
heat,  but  no  oxygen.  (Kerstenj  Schw*  116.  3,)  [Hence  it  would  appear 
to  bo  a  different  mineral,  the  composition  approaching  to  CnO,6Mn^O*-|- 
18AqO 

Rammelsberg.  fiottger.  Keraten. 

Ktimidorf.  Sdikkenvakl. 

KO .,,.  0-52  O'lij  ....  trace. 

BaO     „M»«,...  161  Xm 

CuO 2-25  2  85 

MgO    .,..,-... 0*69 

CoO  +  mO 0*49         .  0*14 

CnO 14'G7  16  85  .  4'BO 

MnO    49  09  53-22  Mn'O*     74-10 

O .....^ 8^91  9-14 

HO r...„^ 14-46  irr94  ....  2010 

Fe*0» 4^70  1'8B  ....  012 

Sipa 274  CnO,SO'     105 

101*06  103^36  .  100-17 

C.  Permanganate  of  Cuphic  Oxjde.^ — Deliquescent*  (Mitscherlich,) 


4T0 


A.  Absssodb  op  Copper.— ei,  Coniainm^  hui  iiiile  Arsenic, — CopTKr 
iJloTvi  viiK  0*13  per  cent,  of  ai^nic  beoomea  somcirhat  brittle  wbco 
eok(  att^  Toj  bnttle  »t  ft  red  heat  (K&rst^n.) 

L  (VA& — 100  parts  of  copper-filings  heated  with  an  eqoftl  woi^lit  of 
ftEBOUC  Ibiw,  witbcNift  Tiflible  oombustioiL^  158*5  parts  of  fiuied  ar^iiiJe  ol 
QifMrp  wliidi  19  wtuliah^-grejy  brittle,  and  fiDe-gmined,  (Qehlen.)  A 
■JMiiir  eoapofo^  tooMtiiiies  called  ff A/fo  (7of»^(rr  or  JThite  Tmbi$,  b 
alteiaed  bj  ignHimg  eopper  with  arseiiioos  a^cid  aod  black  flux. 

CL  IVitmnmide* — ^1.  Formed  hj  paseing  arvcai  a  retted  bydreeea  pB 
erer  dij  ^knde  of  cc^per,  hydrochloric  acid  being  erolTed  at  &e  one 

SC*a  ir  AftIP  =  Ctt»Aj  ^^  3HO, 

2.  By  pa IMM  aigepiaretted  bjdrogea  gas  ihroogh  a  solntioo  of  blic 
TitrioL  (KmMO^fio^.  44,  471.) 


TW  pgarfpiiaift  it  fchfli-    ([Doniaa.)    AxBeDtiirettad  hjdrogeti  gat 
oTer  dij  eaprie  ialfhaia  la  abaadaiitlj  afaeorbed,  witk  great  liae  < 
petataze  aad  dk«i^eageai€fit  of  water^  and  a  black  mass  is  foimed,  coo- 
Miliftg  a£  Ca*Ajya6&-4hal  w  to  say,  of  iidphatA  of  tHttiamdda  of  00 
(KaM.) 


Sir.  Qtt./.  I»tl9}ti 


of  m  mirtmrt  oi  enprou 

of  ID  anoiide  of  i 


(l>ff.  II,  305-) 


ir 


BljlL  (Clf«. 


B.  AmssxTm  op  Cupiuc  Oxua,  or  Ccrmc  AiisBifTTB.^-JI/bfi^MtiwiM 
jSclflA'i  ArMHL  ar  Smtditk  Qrwm.    Formed  bj  mixing  ai^eiiiie  of  pilaA 
Willi  a  ^sffaMah,  wtiia  a<|a- -^  -^^^     -  -^-^  _.      *      •  x_  ^ 


arid  with  an  ammooiacal  •olniaoa  d 


cnpria  oma.    SehiibfiadaaUT  adda  to  the  aqueoua  eolation  of  32 
Uiia?iltiQl,  ft  ImI  ail4Pm«red  aolalMMi  of  Bt  pU.  pearl-a^h  and  1 1 


acid,  stnra^  eoosfenUyall  the  while. — Siakin-green  precipitate,  Wlm 
healed,  H  giTaioffaraenioiis  acid  and  water,  and  leavee  a  residue  of  cu^m 
OkMo.  ^k«Myi,  if.  GekL  3,  432.)  The  brown  reddnc  is  a  niixtafe  4 
aixaide  af  «WV  ^sd  cnprie  azseniate^  the  biter  of  which  may  he  di^ 
aolTftd  eal  hj  dilate  nitric  add.  (Simon,  Po<fff.  40,  440,)  When  troatrJ 
with  eaaalle  potaih-lej,  it  b  reaolved  into  cnprous  oxido  and  aifeniilt 
[and  aneailef]  of  potash^  the  ehaago  bdng  aoeelerated  by  heat,  (Vm* 
^ielia»  J.  narwu  $»  »0;  Boaiiet.  Po^.  37,  300.)  DiesoU'ce  in  ammoQ 
wilk^al  ooloiir^  proUbly  ta  the  form  of  arsooic  acid  aud  cnproiu  oi 
(Benriiftiy  JUMu)  mien  heated  with  aqneons  flulpharous  add,  i 
coiiTortod  into  cuprous  oxide.  (A.  VogeL)  Arscnioee  add  tiaaaed  in  i 
alalo  of  tapoar  oter  ied>hot  cnprie  oxide,  is  not  abeoihod  by  tL  (Ohl) 
figrrtCmm  ia  anenite  of  enprie  oxide  kneadod  togollier  with  i 
tinoaa  starab.  Maay  Tarietiai  of  Brtaumkk'^frBm  and  y^mrkd-^^tm  t 
prepaivd  by  pieetpitati^g  100  jparta  of  duadTod  blue  ritriol  wHIi  a  i 
tkn  of  12  to  15  parts  of  areeiuoaa  add  and  20  parte  af  paarl-aiK  i 
aftetwmrds  with  excess  of  milk  ef  line^  whereby  gfpmm  k  ' 

f  of  |^wder« 


For^ 


of  Pidd&^rmi. 


;ridl 
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precipitated  by  a  solution  of  arsenious  acid  in  excess  of  carbonate  of  potash, 
80  tliat  carboDate  of  cupric  oxido  becomes  mixed  with  tlie  precipitate- 
To  prepmro  Mineral-green ^  100  parts  of  blue  vitriul  are  mixed,  tirat  with 
a  solution  of  10  or  12  parta  of  argenioua  acud^  and  then  with  excei^s  of 
caustic  potash'ley,  prepared  from  90  parts  of  pearl-aab  and  80  of  lime. 
This  pi^ent  is  dark  green,  and  has  a  coiichoidal  fracture,   (Gentle.) 

(With  respect  to  S€hweif\furt  grten,  l^etma  ffretn,  and  Miiii'ffrem^  vid.  Acetic 
Acid.) 

h*  Acid  Arsenite. — ^The  sol nt ion  of  cupric  carbonate  in  oxceas  of 
aaneons  arsenious  acid  ia  not  precipitated,  either  by  acids  or  by  alkalis; 
wben  evaporated,  it  leares  a  yelJowiab-grcen  salt.  (Bergelius.) 

C,  Arsektate  of  Cupric  Oxide,  or  Cupric  Arseniatb.^ — a.  Octo* 
httskf — Euchlorose^  Copper-mica, — Crystalline  eyBtem  the  rhombohodraL 
Acnte  rbomboliedrona  considerably  truncated;  AV;.  153;  i^  :  r*=68'4r. 
Cleavage  distinct  iwirallel  to  p.  Specific  gravity  varying  from  2*5  to  2'f>, 
Soft^  transparent,  emerald -green.  Decrepitates  strongly  before  the  blow- 
pif»e,  tho  flame  being  coloured  greer.  by  the  detached  jmrtieles*  On  char* 
ccaal  it  fuses  without  detonation,  but  with  emission  of  arsenical  fumes, 
and  fonns  a  grey,  brittle,  metallic  globule,  which,  by  a  second  fusion,  with 
the  addition  of  carbonate  of  eoda,  is  converted  into  malleable  copper, 
(v.  KobelL) 

EucMorttae^  CheneTlx.        Vauquelin. 

8CuC... , .„.      320      ,..      58*93 58        ...        39 

A»0* 115       ....       21-18        21         ...        42 

12H0 „ ,       108       ...       19"89        ........        21         ,...        17 


8CQO,A«0*+12Aq 513 


100-00 


loa 


6.  Faitahask* — ct.  Bi-hi/d rated. — EriniU, — Formed  of  concentno 
scales  with  rough  surfaces  formed  by  tlie  ends  of  very  Fuiall  cry.^tals» 
Speciiio  gravity  4  043.  Dull;  translucent  on  the  edges;  emerald-green 
inclining  to  apple-green,  (Turner,  Edink  J.  qf  Sc,  0,  93;  also  i^o^^. 
14,  22e:) 

Erinite,  Tamer. 

5CuO..«... »M.* 200      ....      6006 5944 

A*0*  .»,.. ...». .,      116      »..      34-54        a378 

2H0 -•..»        18      ....        &-40        5'0l 

Al»0" ..„                 .,..                      .., 1*77 


5CuO,AsO*  +  2Aq. 


333 


100*00 


100-00 


3,  Penla-h/drat^d. — Aphanese,  Strahlenhipfer , — Under  this  name 
are  included  two  minerals,  in  one  of  which  two-thirds  of  the  cupric  oxido 
appear  to  be  replaced  by  ferrous  oxide.  The  supposition  of  Cbenevix 
{Fkii.  Trans.  1801,201;  also  A.  GekL  2,  131),  that  the  iron  in  this 
mineral  is  in  the  form  of  ferric  oxide,  is  improbable. 


CuO  . 
FeO  . 
AiiO*. 
HO    . 


Aphannt, 
200      ....      55*56 

115      'Z      31-94 
45       ....       12-50 


Chcnevuc. 
54 


5CoO,AsO*  +  5Aq. 


360 


lOO'OO 


100 
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At.  Apkanese,  Chenera,. 

CaO  ^.^ 2  M"  80       ..,.       22"y9 22*5 

PeO    «      3  ....  108      ....      .^1  03  Pe^O*  275 

AsO* I  .».  113       ...       3:J  05  _...  33*5 

HO    &  ....  45       .,..       12-93  120 

Qtttrts    ...,.,. ...  .... 3*0 

348       .,..     100*00        m         ^5 

y.  Dccahydrated, — Leirochmite^  KnpferscJiaum, — Formed  of  dive 
fibres.  S[)€ciBc  gravity  3*0fK  Very  soft;  tmnsluccDt;  of  a  light  ve 
di^ris-gfrcen  colour.  Decrepitates  strong^ly  in  the  flame  of  a  candle^ 
colouring  it  green  bj  the  scattered  powder.  When  lield  in  the  forcepfl, 
find  heated  by  tlie  bloupipc-ftame,  it  turns  Vdack.  and  fudcs  into  a.  steel- 
grey  liosvl.  On  cbarcoal  it  fuses  r|uietly^  exhibiting  a  slight  intumesoeo 
only  after  a  long-continoed  fusion;  it  then  likewise  emits  an  odonr 
arsenic,  and  on  cooling  yields  a  non-crystallizing  globule,  which  becon 
continually  uioro  diflScult  of  fusion,  and  acquires  a  brownish  eurt 
With  caroonate  of  soda  it  yields  an  imperfectly- fused  mass,  in  which 
metallic  globules  are  enclosed.  Evolves  carbonic  acid  slowly  wbeu 
immersed  in  cold  bydrochlorio  acid,  rapidly  in  the  same  acid  when  heated, 
Dissolvca  in  aramouia,  leaving  a  residue  of  carbonate  of  limo  (v,  Kobell, 
Koitn,  Arck.  23,  96;  also  Fog^,  IS,  253). 

Leirochroite,  Or? 

At.  At.  KobeR. 

CiiO  ..,«»    5  -      200     49'38  5     .,  200  ...  4S-95  .  ^     43'88 

A«OS 1  ....  115     ....     28-40  1  ....  1!5  ....  26-28  25-01 

HO ,  10  ,.,,     90     „„     22-22  10  ...,     90  .*,  19"78  .     17  46 

CaO.CO*  „**..„ ....  I  ., .     M  ...  10*99  .     13'65 

5CuO,AiO'»  +  10Aq*  403     ....  100-00  455      ...  100  00     ...  liKlOO 

In  the  second  calculation,  the  carbonate  of  lime  is  eatrmate<l  as  an  es^^entiiJ 
constituent;  according  to  thi:>,  the  mineral  will  be:  CaO,  CO' -f  5CttO, 
AeO'-f  lOAq. 

c.  Quadrfjbasic, — m*  Mono-ht/dfYiteJ, —  OUt^enitt. — Crystalline  systoj 
the  right  prisinatic  Ftf/.  54  and  other  forms:  w  :  w'=:87^  30' ;*  *  n_ 
behind^l  10°  50'.  Specific  gravity  from  428  to  4  4.  Hardness  equal  to 
that  of  calcspar.  (Haidinger,)  Transparent,  and  of  an  olive-green  eoloiir 
inclining  to  yellow  and  brown. — When  heated  in  a  gla«s  tube,  it  givc^ol 
a  small  quantity  of  water,  but  no  arisen  ions  acid.  Held  in  the  for 
before  tbe  blowpipe,  it  fuses,  imparts  a  pale  blue  colour  to  the  flam^,  i 
on  cooling,  crystallizes  in  the  fonn  of  a  black  brown ^  radiated 
having  :»n  adamantine  Inetre,  and  covered  on  the  snrfaco  with  a  network 
of  prismatic  crystals.  On  charcoal,  it  deflagrates,  emits  a  strong  o«ioar 
of  arsenic,  and  yields  a  somewhat  ductile  regulus,  brownish  on  tho 
outside  and  white  in  the  middle.  (Kobell.)  The  mineral  is  soluble  m 
nitric  acid  and  in  ammonia. 

Richard-        KUp-  the- 

OliveniU,  from  Comwftll.      Kobell.  «oii.  roih,  writ. 

28CuO 11200     „,.     &7'6U     ....     5C'13     ....     56*2     ....     50*62  «H) 

6A&0*... CyOO       ,.     :^biS     ._     36*71     ....    39-9    .«,     45*00     «    397 

PO* 71-4     .  .       3*68     ....       3-36 

7HO    _.. 630     ...       3*24    ...      3*50    ....      3'9    .«      SMI 
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p,  Bepia^ht/drated. — Efichroite. — Crystollitio  eystera  tbe  riglit  pria- 
inatic.  Fig,  74,  together  with  p- faces  and  others.  Transparent,  aud  of 
a  lighfc  emerald-green  colour.  (Haidinger.)  At  a  temperature  Homewhat 
below  redoesa  it  gives  off  Ha  water  without  decrepitiition,  and  becomes 
dingy  green  and  friable.  On  platinum  in  the  outer  blowpipc'tlarae  it 
doe«  not  fu8e  till  heated  above  the  melting  point  of  glass;  crystallizes  to 
a  greenish-brown  nia*:,-*  on  cooling.  On  charcoal  it  fuses  readily,  defla- 
grating immediately,  itnd  giving  off  an  odour  of  arsenic;  after  long- 
continued  blowing,  it  yields  a  globule  of  metallic  copper.  Heated  to 
rednesii  with  diareoal  powder  in  a  glasa  tube,  it  yields  a  sublimate  of 
_ arsenic  and  arsenious  acid»     Dissolves  easily  in  nitric  acid. 


ACmO 

AaO'^  .....„,. 

7110 , 

150 
63 

Eaehroiie 

47-34 
31-02 
19  61 

Tomer. 
47-85 
33-02 
18-80 

4CuO,A80*  +  7Aq 

338 

10000 

09'67 

y.  Deca-h^drattd. — Liroconitc, — ^Crystalline  system  the  right  prismatic; 
Fig,  <>3,  witli  the  y-face«  enlarged  so  as  to  obliterate  the  /j-fa^o:  «  :  «'  = 
119^  45^;  //  I  y,  hiklnd=\m°  W  Spcifie  gravity  202.  Harder  than 
gypsum.  Trangparent,  and  of  a  sky-blue  colour  inclining  to  verdigris- 
green»  When  heated  it  does  not  decrepitate,  but  turns  smalt-blue,  after- 
wards light  green,  and  at  a  red  heat  greyish  green.  When  held  in  the 
forceps^  it  eoloura  tlio  blowpipo-flamc  l>lui«b-green.  On  charcoal  it  fuses 
imperfectly  and  with  slight  intumescence,  fomdng  a  brown is«b  slag  which 
contains  wdiite  granules  of  metal.  With  carbonate  of  soda  it  yields  a 
senii-niall cable  button  of  copper  contaiuiDg  arsenic.  (Kobell^  Kastn.  lirck, 

123,  100;  Trolle  Wachtmeistcr,  Pogg,  25,  305.) 
Trolle 
Lirt>CQniie. 
SOCttO 800-0      .„.      37-88 
4A«0» 460-0      ...      21-79 
PO*.... 71-4       ,.-.         3*38 
55HO  „ M.       495  0       ..,.       23^44 
4AP0*,. ...„..„.       205-6       ....         0-73 
ye^O» 80-0       ....         3-78 


2112-0 


lOO'OO 


Wachtmeister. 

CbenevLx 

37-84 

49 

22-35 

14 

3-88 

23-91 

35 

8-63 

.......         *3-65 

......       100-26 

98 

4CnO(AflO^;  PO^)  -h  10  Aq.  -f  ( Al'0^;  Fc'C),  A^j.     The  hydrate  of  alumina 
and  hydra  ted  ferric  oxide  ought  perhaps  to  be  regarded  as  accidental. 

d,  Ta'ba^ic, — Precipitated  on  mixing  a  cupric  salt  with  diarseniate  of 
ammonia,  pota.sh,  or  soda,  the  liquid  acquiring  an  acid  reaction.  {Mits- 
cberlich.) — Pale  bluish-green  precijdtiite.  Gives  off  water  when  heated, 
and,  at  a  higher  temperature,  fuses  into  an  oHve-grecn  mass,  without 
decomposition,  exccjiting  where  it  i«  in  contact  w^th  tbe  charcoah 
(Proust.)  Before  the  blowpipe  on  ehtircoal  it  yields  a  button  of  copper. 
(Simon.)  Insoluble  in  water,  but  aohiblo  in  the  stronger  acids  and  iu 
ammonia*  Sulphurous  acid  likewise  di.ssolves  it  without  formation  of 
ciiprou>i  oxide.  (A*  VogcL) 

Whether  the  j>reci pi tato  which  free  arsenic  acid  forms  in  acetate  of 
cupric  oxidcj  and  the  bluish-whito  pnwder  produced  by  the  action  of 
arsenic  acid  on  copper  in  the  air,  likewise  belong  to  this  bead,  is  not  yet 
clearlj  ascertained, 

Cheucvix  obtained  blue  rbombohedral  crystalsj  by  mixing  nitrat" 
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enpric  Glide  with  arsentate  of  ammonia,  separating  the  liquid  from  the 
precipitato,  and  mixing  it  with  alcohol  after  evaporation* 

D.  CitpRic  BuLPHARSEKiTE. — a.  Twcht-hosic, — 12CuS,AsS*, — He- 
mains  Titi dissolved  in  tlic  form  of  a  red-brown  mass,  when  hjdrated  cuprlc 
oxide  is  added  to  monobasic  sulpliarseniate  of  potassium,  till  the  colour  of 
tbe  former  is  no  longer  altered  (IV.  293). 

5,  Terbuiic. — 3CuS,  AaS*. — On  addbg  hydrochloric  acid  to  the  hya- 
cintli-red  eolation  a,  this  componnd  is  precipitated  in  light  brown  fla*    ^' 
while  chloride  of  potassium  and  hydrochlorate  of  arsenious  acid  roD 
in  the  liquid. 

e*  Bibam, — 2CuS>AsS\ — Formed  by  precipitating  a  cupric  silt  wil 
bibastc  eiilpliarscnite  of  sodinm.^ — Black-orown  precipitate^  which  ac^uir 
a  metal-grej  aspect  by  trituration.     When  subjected   to  distiJlatioD, 
first  gives  off  eulphur,   then  tersulpliide  of  arsenic,  and   leaves  a  seini- 
fnsed,  tumefied  metul-grey  substance,  probably  a  *  1 1  of  Kisnlphidc 

of  oraenic  with  diaulphide  of  copper:  Cuprous  li  arsenitc  (Ber- 

zelios,  Foffg,  7,  148*) 

E.  CuPRTc  SuLPHARSENiATE, — 2CuS,AsS'. — Sulphareeniate  of  flodium 
dissolved  in  water  yields  witli  cupric  salts  a  dark  brown  precipitate. 
which  turna  black  in  drying.  This  compound  is  likewise  precipitatcil 
on  passing  sulphuretted  hydrogen  through  acid  solutioDB  containing 
arseuic  acid  and  cupric  oxide;  if  the  areieuic  acid  is  in  exeees^  the  bron 
eulpbur-salt  is  first  precipitated,  and  then  the  yellow  peutaBnlphide 
arsenic.  (Berzelius^  ^o^ff,  7,  22.)  When  a  precipitate  of  tliis  kind 
treated  with  hydrosulphate  of  ammonia,  not  only  is  the  sulphide  of  arBeii 
dissolved,  but  likewise  by  its  intorveution,  a  large  portion  of  the  6ulphi< 
of  copper,  (Anthon,  BeperL  7 (J,  123.)  Very  dilute  ammonia  like? 
extractjs  the  sulphide  of  arsenic,  stronger  ammonia  acquires  a  brown  tint 
by  taking  up  somo  of  the  sulphide  of  copper*  (Gm*) 


Copper  and  ANXiMoifT, 

A.  Antimonide  op  Copper. ^^Formed  by  fusing  copper  with  an tiiiiei| 

combination   then   taking   place   without   visible  oombustion, — or    wi| 
sulphide  of  antimony,   whereupon  sulphide  of  copper  is  produced  at 
same   time. — ^0  15  per  cent,    of  antimony  makes   the  copper  somewhat 
brittle  when  cold,  and  very  brittle  at  a  red  heat.  (Karst4?iu) 

B.  Antimonic  Oxide  with  Cuprous  Oxide. — Calle<l  copper-mica  by 

the  workmen, — This  compound  h  found  in  refined  copper  prepared  fnn' 
nntinK>nlal  ores^  and  renders  it  more  cold-short  than  red -short.     WT 
copper  of  this  description  \^  dissolved  in  cold  or  slightly  wanned  nilrH| 
acid*  the  compound  is  left  behind  in  very  thin,  regular,  six-sid^-l  •  -^       " 
which  arc  translucent  and  of  a  golden  yellow  colour.    When  h< 
become  for  t!io  time  brown  and  opaque.     In  the  flame  of  Newni 
hydrogen  blowpipe,  they  fuse  into  a  black-brown  gla«s;  with  l  ■ 
exhibit  t^li^ht    intumescence,   and  form  a  yellowi>-h  bniwii     ' 
turnw  grecni^h-blue  when   mixed  with  nitre.     Strong   hy^i 
di.<^oIvcs   them   more  completely  than  any  other  acid.  ( 
Stromcyer,  Schw,  ID,  241.) 
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Imid  Al^O« 


4fier  d€ductin$ 

Copper'fniea, 

Stronieyer, 

the  remainder* 

216      .„.       58-54 

50-50 

57-158 

153      ...,      41-40 

37-05 
4-05 

0-ie 

0-07 
1'6B 

42-32 

l,«bO»  ... 


369 


lOO'OO 


93*41 


100*00 


keli/tf^OHs  Copper-mica. — Obtamed  from  copper  emelto<l  at  Goalar. 
Uhe  copper  has  b€on  treated  witli  diluto  nitric  aeiJ,  the  copper-mica 
'  from  arsenical  oxide  of  antimonj— proceeding  from  aiitimonide  of 
ftt  previously  contained  in  the  copper,  and  decomposed  by  the  tiitrtc 
T — by  digesting  it  in  a  mixture  of  bydrocldoric  ami  tartaric  acid.  In 
manner,  100  parts  of  liighly  micaceous  copper  yiebl  4'10  parts  of 
•  copper-mica, — Palo  grcoQiab-yellow,  translucent,  strongly  lustrous, 
iar  ftix-sided  lamiiiiD,  which  fifl>^iimo  a  transient  yellow  colour  when 
',  This  compound  ncilber  fn^e^  nor  suiTera  any  alteration  at  a  red 
With  carbouato  of  eoila  oa  charcoal,  it  yields  a  white  brittle 
and  covers  the  charcoal  with  aotimonic  oxide.  Heated  in  the 
I  blow  pipe- flame  with  borax  or  microcosmic  salt,  it  dissolves  immc- 
and  formj^  a  light  green  glass.  It  is  scarcely  attacked  by  acids, 
^cepting  by  concentrated  hytlrochloric  acid,  which  diasolvcs  it  after 
fjig  boiling.  When  h3^drogen  gas  is  passed  over  ]  00  parts  of  red-hot 
kpper-niica,  a  quantity  of  water  is  obtained,  corrcspoudiog  to  1 8 '10  per 
mi.  of  oxygen.  (In  this  reaction,  2 "55  parts  of  the  mica — that  which 
^utatna  only  nickel  and  no  copper — appear  to  escape  decomposition.) 
lie  residue  is  baked  together,  but  etill  retains  the  form  of  hunina;;  it 
lay  be  decomposed  by  nitric  acid  or  by  clil urine;  in  either  caae,  the  pure 
il*mica  remains  undecomposed*  (Borcheris,  Po^^.  41,  335.) 


I^Co 

NickeJiferoits 
224-0 

Copper-mica* 
..       36-10 
..       23-77 
..       2079 
..       19-34 

Borchers. 
34-27 

■  6Ni 

147-5 

23-36 

lSb.„.. 

150 .- 

,*...       129-0       . 
120-0 

20-53 
18-19 

Undccoitipospd  Mica .,,, 

2-55 

f                Or: 

5NiO  M.,.. 

C20-5       . 

.,...       280-0       . 
„...       187-5       . 

...     100-00 

...       45-13 
..       30-21 
...       24*f;G 

98-90 

BorchcTi, 
44'2R 
3a'61 

SbOS 

153*0       . 

25-11 

620-5 

..     100-00 

100-00 

peneo  it  would  appesar  that  this  uiekeliferoud  copper-mien.  coDtains  not 
aproua  but  cupric  oxide,  (Borchers.) 

C.  CiTPnic  Antimomte.^ — Falo  grass-green;    becomoe  pistachio-green 
^licn  heated;  glows  and  turns  white  at  a  stronger  heat     Insoluble  in 

trr.  (Berjjcliiia.) 

D.  CuPHic  Antimoxiate, — Formed  by  precipitating  blue  vitriol  with 
' "ftto  of  pota^sh.     Pale  grecHt  crystiilline  powder,  which  becomes 

when  dry,  and  when  gently  heatedj  gives  off  19*5  per 
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water,  and  a&sumed  a  greeniali -black  colour.  At  a  red  Leal,  it  glows 
and  becomes  greenish  wtite,  after  wliicb  it  is  not  attacked  either  by  acida, 
or  ill  tlie  Imuiid  way,  by  alkalis.  When  beateil  upon  charcoal  it  deflft- 
^nitcs  slightly,  and  la  eai?ily  reduced  to  pale  red  antimonide  of  cocker. 
Insoluble  in  water.  (Berzeliua.) 

E.  CiTpRotJS  SuLPHANTiMOKiTE.  —  Antimonial  Copper^lanet,  — 
Crystalline  system,  the  right  prismatic.  Fig.  80,  witboat  the  i-  and  m- 
faws;  n  :  n^l25^  12';  u  :  u=ll  i^;  u  :  t-  12r  30'.  Cleavage  < 
parallel  to  tlie  jo-face,  which  is  very  much  enlarged;  less  distinct  ] 
to  p.  (G.  Ruse.)  Specific  gravity  4*47i^i  harder  than  calcapar; 
lustrous;  load-grey  inclining  to  iron -black;  yields  a  black  pawd 
Before  the  blowpipe,  it  decrepitates  strongly  and  splits  into  lamiase — 
fuses  easily — covers  fbe  charcoal  with  autimouic  oxide,  and  nltiniatelv 
yields  a  brittle  metallic  globule.  With  carbonate  of  soda,  it  yields  a 
red-grey  brittle  globale,  which,  by  continued  blowing,  U  canverted  iota 
metallic  copper.  (Zincken,  Fo^^,  35,  357.) 

2Cit  ,. ,. 64       ,..,       24-90  2^Me 

Sb „.,M«/«     129       ....       oO-20  46^81 

43     «. ^*».,       64       ,...       24-90  26*34 

Pb    — ....  0  50 

Eg. j^ VZ9 

Ctt'S^SbS" 257       ...     100-00         , 99*56 

F.  Ccpnic  SiTLpnANTiMONf ATE.  — Formed  by  mixing  the  solutioD  of 
Sclilippe's  salt  with  a  quantity  of  blue  vitriol  not  sufficient  lo  dccompoA 
it  completely.  The  precipitate  heated  in  a  retort  gives  off  sulphur,  and 
leaves  80  OS  per  cent,  of  a  fused  residue  probably  containing  ZCti% 
2SbS\  {Rammebberg,  Fo<;(i,  52,  226.) 

R«mmetahcr^« 

3Cu 96       ....       27-19        2.»-50 

Sb „„....     129       ....       M'hb         ., 35*04 

8S 128       ...       36*26        , 36'80 

SCuS^SbS' 853       ...     100*00        ZZ         9734 

If  an  excess  of  blue  vitriol  is  used  in  theprccijiitation,  and  the  liquids  \ 
mixed  cold,  a  precipitate  of  variable  composition  is  obtained;  but  _ 
boiling  the  mixture  (as  in  preparing  the  corresponding  lead-conipoiiiid) 
the  precipitate  is  completely  converted  into  8CuS,SbO*,  ThissubalnBOl^ 
when  treated  ivitli  caustic  potash,  gives  up  itH  antlmonic  acid,  aod  u 
converted  into  protosulphide  of  copj.H?n  When  heated  to  redoesB  ia  a 
retort,  it  fu^es  cumpletely,  gives  oil'  sulphuric  acid  and  antimonic  oxide, 
and  leaves  a  blacki&h-grey  metallic  mnm,  apparently  composed  of  6(00*8), 
SbS^  (RammeUhcrg,)     The  decomposition  is  prolmbly  as  follows: 

3(gCttS,SbO^)  =  2t6Cti»S,SbS-'')  +  SbO»'i-6SO». 

G«  Antimonide  OF  Coffer  and  Potassium.  —  Formed  by 
4  pojrtfi  of  tartar  on  a  piece  of  earthenware^  till  only  2  parts  ttmu 
fusing  the  residue  for  2  hours  in  a  powerful  air-fumacn,  with  2  part«^ 
powdered  antimony,  2  copper-filings  and  1  charcoal. — The  nllov  U  rinl# 
ba«!i  a  very  laminar  fracture,  yields  slightly  to  the  hammer  aiidi^  dligUtly 
volatile.  Small  pieces  of  it  move  rapiJly  tm  mercury,  iho  64if6M  of 
which  la  covered  with  a  small  qtiautity  of  water*  (Serullaap  Anrn*  Ckm^ 


Copper  ani>  TEi^LuRitrsi, 

A,  Tellxtridb  op  Copper. — Pale  red,  (Berzelius.) 

B.  Ccpinc  T KLL UK ITE,— Siskin-green  precipitate  wliicli  ia  inaoluble 
!  in  water,   turo.s  black  and  ^'■ives  ofl*  its  water  wlien  !ieat<jd,  fuses  easily, 

and  aolidifies  on  cooling  to  a  black  mass  baving  a  concboidal  fracture, 
and  yielding  a  grceni^b-browii  powder.  Before  tbe  blowpipe  on  charcoal, 
it  is  rcdaced,  with  deflagratioru  to  pale  rod  tellixridc  of  copper.  It  may 
be  fused  witli  I  AL  cupric  oxide,  tbo  product  being  a  black  masa  having 
an  earthy  fracture.  (Berzelius.) 

H        C.  CupRtc  Tellurate.^ — a,  Motifftcllurat^. — Bulky,  eHghtly  translu- 
"  cent,   sea-green  precipitate,  —  L   BUeUumte,    Pale    green    precipitate, 
(Berzelius.) 

D.  Ci-PRic  SuLpnoTELLURiTE.  —  3CuS,TeSl  —  Brown  precipitate, 
black  after  drying,  giving  off  sulphur  by  distillation,  and  leaving  a  metal- 
grey  residue.  (Berzelius.) 

I  Copper  and  Biskoth. 

A.  Alloy  op  BrsMrxn  and  Copper. — Combination  between  these  two 
metals  takes  place  at  a  temperature  below  tbo  melting  point  of  copper.  An 
alloy  of  1  pt  copper  and  2  bimnuth  begins  to  expand  a  cou^yidcrable  time 
after  eoliditication.  An  alloy  of  1  pt.  copper  and  4  bi.sniutb  throws  out 
nodules  and  apherule^  aa  it  solidifies^has  a  fine  red  colour  and  broadly 
laminar  texture — ^but  contains  amall  globules  enclosed  within  the  laminre. 

■  (Marx,  Schm.  58,  470.) — Copper  alloyed  with  small  quantities  of  bi.'*muth 
remains  ductile  at  ordinary  temperatures;  but  when  hammered,  it  be- 
cornea  «o  hard  and  brittle  as  to  require  a  second  ignition;  and  if  the 
quantity  of  bismuth  amounts  to  even  0  6  per  cent.,  the  alloy  cracks  on  the 
edges  when  hammered  at  a  red  heat.  (Karsten.) 

B,  Sulphide  OF  BiSMinn  and  Copper,  —  Copper-humvth-ritance  or 

Bismuth-copptr-ore. — In  indistinct  prifiins  and  radiating:  soft  and  pliable* 

Hae  a  lead-grey  colour,  and  yields  a  black  powder.— When  lieated  in  an 

open  tube,   it  gives  off  fiulphur  and   a  white  t'ubiimate,  and  afterwards 

enters  into  ebullition^     Fuses  easily  before  the  blowpipe*  covering  the 

^  charcoal  with  a  yellow  deposit.       With  carbonate  of  soda,  it  yieldi^  a 

H  large  b  u  1 1  on  o f  co| )pc  r.  {  H  e  YZii;  1  i u .s . )     D  i  ssol  ve s  i  n  n  i  tri  c  a ci  d  wit h  f^e j la  ra- 

"  tiou  of  sulphur*     The  following  analysis  does  not  admit  of  reduction  to  a 

formula. 

Klaprotb. 

Ctt „ 34'6e 

Bi  , „.... 47-24 

.., 12-58 

94 '48 
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Urn.  1.  By  wUa^ 
;  a:  Tipl;  J:  jpr.  OboL  «,  344.) 


ixjic:^  fC  roc  Lj  3*M 


of  meiseaH- 

Mf  iatoviie.  A 

oftk 

^oUmirt  m  ■§- 

aod^wiik 

1  ]pL  one  lad  It 

in  SOputsrf 

~anu 

V.  3.  2,  87.) 

the 

ftHill 

rsusft^J  teia^  ai  a  Fed  Wmt.  V«iT  small  qou- 
ia4  CBCclhj  «f  c^P^r  at  ordmarv  tempen- 
iiK  a^5«d.  it  iiMMeff  hecooKs*  kixd  twi 
^iBm<«  le^ciraE  to  be  oftener  beated  to 
7:^»;>ft .  itkz  «^<iL  itF  jis  cctk.  \C  jsk  xs  fafiomi  to  caase  eopper  to 
:r!^'-v  ^'iK'Z.  :.LT7Ti»=y='i  &:  &  tm  Was.  (KarsMa.)— Tke  Biott  ductile  of  aD 
ti-:  L.  .7^  c  r:  .7  •:•:;:  iZ}i  siz*:  in  Ur^se  vbich  con  tain  84'3  per  ceot.  of 
AiCc*:^  i.*  :.*  .'  ;if  xLXtf  ikOLMirv  aaai  71'5  cofper  to  M-3  zinc  (bras^X— 
Tie  La.T  i,7TXt^i  .£  ^:-isL  w^zbs^  «c  iW  tro  metab  cracka  in  roHhp 
Ax  .'x.->f^  .i  i:^*:  T^i-ztim  'M  aiJoT  VciitkL.  tbe  Boot  brittle  €»f  all  beis:: 
UiM  '•xx-i  .-.txaii-*  1  Ai.  ^.■|:f*^?  ▼~-xi  if  to  2  At.  nnc.  (Kaiaten.)— ^mU 
^;&ft3;.;jk;^  :^'  ^riri    '  7>  i  ja'  lae  oxt^i j  of  tbe  alloy;  tin  increases  iu 

All  jilxT^  Li  vijrk  ibe  aBwat  v£  nmt  doei  not  exeeed  30  per  ctaL 
ex4Xct  iMmi.».:&  «:<  cv'ff^O'  ^-cvudi  and:^  and  in  tbe  Tohaie  drniit 
4ri  :i:»fT  £•:  z::  TC^tx-ir:*:*  li-e  sih*  of  copper.  Bot  alloys  contaioii; 
ivvvs>  .:  ::••:  ,l:«ai !*.•*»  c«-rr«cr-s\Ii«w  l-rinr  tbereby  conrerted  into  p?r- 
?,v;*v  vir:  .- TTnr:  *ti-:j  l-irwise  diaeolve  completely  in  acids'  which 
>.i^:  T.  i::.  r  -z  ^-77^-  a--=-^  »-*  sclniion  taking  place  the  mvK 
c.  vvv  i*  r* ;  ^x>r&5  c:  il-c  Li  ^:3>Ea:cr-  If  tbe  quantity  of  acid  is  iofuf- 
-^  ; '  :  :  ■  I  >?^  v:  :^*  '«■•;'-:.  tl-:  v'^Tper  first  dissolred  is  ivprocipit?itoil 
;>>  1  :.:  "  *-^::  r::u.-T^  r  :L:i.j  b:ii  clc.  (Kar^ton.)     Brass  twui 

TV-  «"";     r./o"   »  :":.  ry  l:\<?il  ric  aoki,  because  tbe  acid  dissolves  tbe 
'•re  :*.:  v^,  :1:\:  ,v  :    :":.:  o. Tr»:r:  :  u:  when  n:bU>l  wiib  ammonia.,  it  torni 
^  KvtiWA.^  tbe  aauMAia  dkaolTcs  oat  tbe  copper.  (Benetins.)' 
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Fropef  tics  of  Alloys  of  Copper  and  Zinc,  accortUng  to  Mallet  {DingL  pofyi*  J.  95,  378.) 
1  At,  Copper  is  asanmed  =  31 '6,  and  1  At.  Zinc  =  32-3* 


At. 

Per  cent. 

Spec. 

Malice- 

Hard- 

Fusi- 

Cu  Zn 

Cu 

Gray. 

Colour. 

Fractal^. 

Tenacity. 

bUity, 

neaa. 

bility, 

1  ;    0    . 

..  100 

.    8-667    .... 

r. 

*,.. 

....  24  6  , 

,.      8    . 

..  22 

...  15 

10  :    1    . 

..    90-72    .. 

.    8-605    ..,. 

n  J, 

«...  C.  gf* 

....  121 

.      6    . 

,  21 

...  14 

J#  :    I    . 

„    08^80    . 

„    8-607    .... 

r.  y. 

.-..  f.  gr. 

....  11-5   . 

..      4    . 

...  20 

...  13 

8  t    1    . 

..    88-60    . 

..    8-633    .... 

r,  y. 

....  f.  gr. 

....  12-8   , 

.,      2    . 

...  10 

...  12 

.7:1. 

..    87*30    .. 

..    8-587    .., 

r.  y. 

....  f.  gr. 

....  13-2  , 

..      0    . 

...  18 

...  11 

U:    1 

.,    85-40    .. 

..    8-501    ,„ 

y.  r. 

....   f.  f. 

....  14-1   . 

5     . 

...  17 

...  10 

5:1. 

...    83-02    ., 

..    8-415    ... 

y.  r. 

..„   f.f. 

13-7 

..     11     . 

...  16 

....    9 

4:1. 

.,.    79-65    . 

..    8-448    ... 

y.  r. 

....   f.  f. 

...  14-7  . 

7    . 

...  15 

....    8 

3:1. 

..    74*58    . 

..    8'397    ... 

pdey. 

....   f.  f. 

....  13-1  . 

..    10 

...  14 

...    7 

2:   1    . 

„,    66-18    , 

..    8-290    ... 

deep  y. 

....   f.  f. 

....  12-5  . 

3 

...  23 

....    & 

1:1, 

...    40-47    . 

.    8-2:i0    .,. 

deeji  y. 

....  eg. 

....    9-2  . 

...    12 

...  12 

....  e 

1:2. 

..    32-85    . 

..    8-263    .. 

dark  y. 

....  c  gr. 

....  19-3  . 

...      1 

..  10 

....    6 

8:17    , 

,..    31-52    . 

,.    7-721    ... 

silv.  w. 

....     c. 

. ...    2  1   . 

...  v.br. 

...    5 

....    5 

&  lis  . 

..    30-36    . 

..    7-836    ... 

fiilT.  w. 

....  v.c 

....    2-2  . 

...  v.br. 

...    6 

....    5 

8  tW 

.      29-17    . 

..    7-010    ... 

*   light  gr. 

...,     c. 

....    0-7  . 

...  V.  br. 

...    7 

....    5 

8  :20 

...    28-12    . 

..    7-603    ... 

.    asb-gr. 

....      T. 

....    3-2  . 

..    br. 

..    3 

....    5 

8  :21 

.    27-10    . 

..    8-058    ... 

.   light  gr. 

....       C. 

. ..    0'9   . 

..    br. 

....    9 

....    5 

8  :22 

.    26-24    . 

..    7-882    ... 

.   ligUgr. 

....     c* 

....    0-8  . 

...  V,  br. 

....    8 

....    5 

8  :23 

..    25*30    . 

..    7'443    ... 

.    wh.gr. 

....  f,  gr. 

....    5-9  . 

...  «.d. 

....    1 

....    6 

1  :    3 

...    24-50    . 

..    7-440    ... 

.    ash-gr. 

....  f.  IT. 

.    31  , 

...  ▼.  br. 

....    2 

....    4 

1  :    4 

,    19-65    . 

..    7-371    ... 

.     Bsb-gr. 

....  f.  gr. 

....    1-9  . 

...    br. 

...    4 

..,,    3 

1  :   6 

..    16*36    . 

..    6-605    ... 

.   dark  gr. 

....  f.  gr. 

...    1-8  . 

...    br. 

....  11 

....    2 

0:    1 

.„      0 

..    6-895    ... 

....  15-2  , 

.  ..  23 

....    1 

Under  Colour^  f.  deDotes  red,  y.  yellow,  gr.  grey,  ulv.  tc.  silver- 
wliitc.  Under  Fracture^  c.  gr.  denotes  coarse-grained,  /.  gr,  fine*grained, 
/,/,  fine  fibredj  c.  coiicboidal,  v,  vitreous.  The  nanibers  nndcr  Tenacity ^ 
deuote  tlio  weight  in  tons  required  to  break  a  rod  whose  traoi:ivcrse 
©ection  measures  a  square  inch.  Under  MaUeabilUt/,  br*  signifies  brittle, 
V.  bj\  very  brittle,  *.  d,  sligbtly  ductile:  tlie  malleability  is  deterinined  at 
the  temperatnre  of  15-5'.  Under  HardntMy  the  uamDcr  1  denotes  tho 
maximum.  — The  compound  ZdCu^  is  Princess  tmial  or  Bath-mdui; 
KnCu*  is  German  and  Dutch  bius.^;  ZnCu'^  is  rolled  brass;  ZnCa^  is 
English  brass;  ZnCu  J3  German  brass;  Zn^Gu  is  Gemian  brass  forwatch- 
maKers.  (Mallet.) 

AUoy9  of  Copper  and  Zinc  used  in  the  Arts, 

a.  Tomhac-  —  Obtained  by  adding  isinc  to  melted  copper.  Pale 
yellowish-red,  very  dnetile.  Contains  S4"5  per  eent.  of  copper  and  15'^ 
of  zinc.  (Karsten,  Po^g.  40,  IBO;  also  J,  vr,  Chcm.  ItJ,  37a.)  Dutch 
mfial  is  tombac  in  leaves  -0^757^  of  an  inch  thick. 


a 

6. 

c 

d. 

2ii .......... 

155 

i5-a8 

16-0 

..         17*5 

CtL  ......_.. 

84-5 

83-08 

82-5 

82-5 

Sn  ........... 

.«. 

154 

1-5 

1000 


100-00 


1000 


1000 


a.  Commercial  tombac.  (Karstcn.)— 5.  Antique  bracelet  from  a  tomb  at 
Nanmburg. — c.  Elastic  Fibula  with  tongue,  made  in  tho  Roman  pattern, 
from  a  tomb  at  Konigsberg.  d.  Antitjue  chain  found  at  Konneburg. 
(Gobel,  ^V/iw.  60,  407.)— Tho  formuUi  ZnCu*  gives  IC'07  per  cent,  uiic 
to  83*34  per  cent,  copper. 
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Pincliheck,  Prince's  metal,  Similar,  nnd  Mofmheim  Chid  are  allop  of 
similar  characters  in  which  the  proportion  of  the  two  metaU  is  oot  yei 
fixed.  Older  data:  For  Pinchbeck,  18  pts.  copper,  1  brass,  and  I  tine; 
for  Prince's  metal,  tJ  pts.  copper,  1  zinc;  for  .Siinilor,  5  pts.  copper,  1  £Uio,at 
82  pts.  copper,  10  zinc,  8  tin;  for  Mannheim  gohl,  4  pts.  copper,  I  liac 

b.  Brass, — Sometimes  ohtaiued  hy  fusing  together  copper  and  line, 
sometimes  by  igniting  copper  with  zinc-oxide  and  charcoaL  The  pansr 
the  copper,  the  i^reater  is  tho  cjuantity  of  zinc  that  may  he  added  to  it 
without  diminishing  its  ductility*  (Karsten.)  Specific  gravity  from  7'8 
to  8*4.     Very  jiialleaWe  in  the  cold;  brittle  at  a  red  heat. 


Zn 

Chi 

a, 
....     28-5 
»..     71*5 

.... 

27(5 

710 

trace 

1-3 

...     28  15 

....     71-36 

d. 

....       27^63 

....       7P89 

0-85 

...       29^2G     -, 

70-29      . 

017      . 

0-28     - 

.     2M5 

a«i... 

079 

lOO'O 

7tn 

99-9 

....    99-51 

29-9       .... 
701       

....     100-37 

A. 

31*80      .... 
65-80       .... 

0-25       .„. 

215       .... 

,...     lOO'OO     ,. 

1. 

35-30 
6P59 

0-25 

2-8S 

..    98e# 

1 

I..M**.. 

100-0 


lOO'OO 


loooo 


d  18  commercial   brass  of  unkno^m   origin,    ( Karsten,  )^ — h.    Tbo 
(Rcgnanlt.) — t'.    Brass  from  Neustadt  Eberswald.    (Knderuatscb, 
37,  iilB,)^d.  Brass  from  Augsborg;  e,  from  England;  /*    from   H< 
miilile*    (Lavaterj  J,  pr.  C/iem,   3,  198*)^-^.  Bra^s  from   Romilly, 
malleabloj  liut  too  tough  for  the  lathe;  h,  from  StollI>erg;  ♦.  of  unkn^ 
origin,  (Chandet,  Ann.  CUm,  PA^s,  5,  321;  also  Schw,  21^350.)     UK 
formula  ZnK*u*  gives  28"57  per  cent,  zinc  to  71 '43  copper, 

c.  Mosaic  Gold. — Prepared  by  fusing  ecjnal  weights  of  copper  and 
zinc  in  a  crucible  at  the  lowest  possible  degree  of  heat,  stirring  cotifiiJutt|y, 
and  then  adding  a  further  qunotity  of  zinc  in  small  portions^  till  ih6 
colour  \>i  the  fused  mixture,  after  passing  through  the  Tartoos  shadeB 
brass-yellow,  purplc-rcd,  and  violet,  ha.^  become  perfectly  white, 
alloy,  after  casting  in  the  mould  and  cooling,  exhibits  the  colour  of  duL_ 
gold,  and  dot^s  not  tarnish  by  exposure  to  the  air,  even  in  the  nmgh 
botirhood  of  the  sea.  It  contains  from  52  to  55  pts,  [no  morel]  zinc  to 
100  copper.  (Hamilton  &  Parker,  Ediiik  J,  of  St\  1826;  aL^o  Sckm 
48,  151;  also  /V/^.  8,  78. J 

d.  Brass-solder,— 'I  pts.  brass  to  1  zinc;  or  if  it  is  to  b^  more  dui 
6  pts,  brass,  o  silver,  and  2  zinc. 


i3^ 


B.  ZiNco-cupRic    Carboxate.^ — il«ncAa/ciV^. ^Blackens  and  gi 
oft*  water  when  heated.     In  the  innertlame,  it  covemi  the  cliarcoal       _ 
a  coating  of  zinc-oxide;  with  borax  and  carbonate  of  soda,  it  yicldt  m 
button  of  copper.     Hydrochloric  itcid  dissolves  it  readily  and  with  effer- 
veaoence.  (Bbttger,  Po^g,  48,  495.) 

AuriehatciU. 

120  ,..,  44  28 
80  ....  29-52 
44  ....  16*2^ 
27       ....        9-97 
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vmc  Sulphate. — Crystallizes  from  a  solution  containing 
-^ulphat«,  in  the  form  of  ferrous  sulphate  with  7  At. 
solution  containing  excess  of  cupric  sulphate,  in  the 
r   with   5   At.    water.    (Mitscherlich.) — Blue    vitriol 
^vlyin  a  saturated  solution  of  zinc-sulphate;  but  ziuc- 
^  abundantly  in  a  saturated  solution  of  cupric  sulphate; 
'the  undissolved  portion  of  the  added  salt  is  converted  into  a 

lATE   OF  Cupric   Oxide,    Zinc -oxide,    and    Potash.— 
ihe  same  manner  as  the  sulphate  of  cupric  oxide,  magnesia, 
p    163.)     Palo  blue  crystals,  having  the  form  of  sulphate 
.1  ammonia.  (Bette.) 

(KO,  S03  +  ZnO,  S03  +  6Aq.)  +  (KO,  SO^  +  CuO,  S0»  +  6  Aq.) 


IKO   ....  94-4 

ZnO    40-0 

€uO    ,....,. 400 

4SOa 1600 

12H0. 108-0 


442-4 


Bette. 

21-34  21-60 

9-04  8-80 

904  8-50 

3617  35-66 

24-41  25-44 

100-00  ZZ  100-00 


Copper  and  Cadmium. 

^jY«— Formed  by  fusing  the  two  metals  together. — Light  yellowish^ 

very  brittle,  having  a  fine-grained,   scaly  structure.      Contains 

.•t8»  copper  to  45*71  cadmium,  which  volatilizes  completely  at  the 

3  ^int  of  copper.     Even  a  small  quantity  of  cadmium  renders 

bnttle.  (Stromeyer.) 


Copper  and  Tin.   < 

i.  Allot  of  Copper  and  Tin. — The  arms  of  the  ancients  were 

5feniM8  made  of  Bronze,  an  alloy  formed  of  a  large  quantity  of  copper 

I  a  little  tin. — Obtained  by  fusing  the  two  metals  together,  generally 

\  vererberatory  furnace;  if  the  mixture  is  not  stirred,  two  distinct 

ita  are  very  apt  to  form,  containing  very  different  proportions  of  the 

istitaent  metals.     The  combination  of  the  metals  in  equal  parts  takes 

loe  without  evolution  of  light  and  heat.  (Gehlen.) 

jpvtietof  AUoyi  of  Copper  and  TId,  according  to  Mallet  (Dingl,  polyt,  /.  85,  378). 


1  At.  Copper  s  31-6, 

and  1  At  Tin  »  58-9. 

At 

Par  cent      Spec. 

Tena.      Mallea- 

Hard. 

Foii- 

CaSa 

Cu           Grav.        Colour. 

Fracture.     city.        bility. 

ness. 

biUty, 

ItO 

...100       ....  8-607  .... 

....  24-6  ....      1      . 

.10 

...  16 

M:l 

...  84-29  ....  8-561  ....     r.  y. 

....    f.  gr.    ....  16-1  ....      2     . 

..   8 

...  15 

ti<i 

...  82-81  ....  8-462  ....     r.  y. 

....    f.  gr.    ....  15-2  ....      3      . 

...   5 

...  14 

ii.  1 

...  81-10  ....  8-459  ....     y.  r. 

....    f.  gr 17-7  ....      4      . 

...   4 

...  13 

...  78-97  ....  8-728  ....     y.  r. 

....    V.  c 13-6  ....      5      . 

...   3 

...  12 

...  76-29  ....  8-750  ....    pale  r. 

....      T 9-7  ....  brittle  . 

...   2 

...  11 

•  1 

...  72-80  ....  8-575  ....    pale  r. 

c 4-9  ....  brittle  . 

...    1 

....  10 

.  :  1 

...  68-21  ....  8-400  ....    aah-gr. 

....      c 0-7  ....  friable  . 

...   6 

...    9 

...  61-69  ....  8-539  ....  dark  gr. 

....  lam.gr 0*5  ....  friable  . 

...   7 

....    8 

oil.   V. 


2i 
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Cu  Sn 


Per  cent* 
Cu 

.  51-75  ,.. 

.  34-92  ... 

.  2M5  ... 

.  15-17  ... 

,.  11-82  ... 

..     9-68  ,. 
..     0 


Spue. 

Grav, 

8-416  , 

8*056 

7-387, 

7-4471 

7'472f 

7-442^ 

7-291 


COPPER, 


Colonr.       Frtcture. 

,  grey  w.  ...,     ▼,  c     . 
.    whit€r   ....  lam,ffr,  . 


Etill 

whiter 


Tcni- 

Mallea. 

HiF^. 

Fnii- 

city. 

bility. 

wem. 

bilit7 

..  If  , 

..    bntU«  . 

g 

.„,  7 

1*4 

,    brittle   . 

...   11 

..  « 

..  3*9  . 

...    brittle   . 

„ .  * 

..  3-1 

,..  8,tougb  . 

»<•  1 3 

....  4 

3-1  . 

...  Gjtougb  . 

^.^1 

..  2-5  . 

..  r, 

<.»  15 

-  i 

..  21  , 

«<*                                i 

.M    16 

.J| 

For  the  abbreviations  an^J  the  meaning  of  certain  expressions,  e^B 
observations  following  tbo  table  on  page  479. — a,  6,  and  c  are  gun-fl 
d  ia  bard  brass  for  pin-tnakers;  e  to  t  is  bell -metal;  k  luid  /,  ckjUh 
for  BniallbeHs;  m,  ?i,  and  o,  spec  ul  am -metal.  (Mallot.) 

«.  Copper  alloyed  with  a  very  eoiall  <juantity  of  tin  becomes  so  bi 
and  brittle  when  banimered  cold,  that  it  requires  to  be  again  belled 
fall  redness*  (Kar^teu.) 

b.  32  pts.  copper  to  1  tia;  resists  tbe  solvent  action  of  hydrocUorie 
dd  miieli  more  cotiipli'tely  than  pure  copper,  and  is  therefore  adapted 

For  tke  8 bea tiling  of  &hipe*  (Musbet,  PhiL  Mag.  J,  6,  444.) 

c.  19  pt3,  copper  to  1  tio:  Golden  yel!ow»  bard,  malleable. 

d.  From  8  to  11  pts.  copper  to  1  tin;  yellow  and  slightly  malleabk: 
Gun-7theial,     Tbo  beet  proportion  appears  to  be  ^  pts.  copper  to  1  tin, — 
The  alloy  uf  1 1  pta.  copper  to  1  tin  appears  uniform,  after  slow  eoolini^ 
to  the  unassisted  sight;  but  when  examined  with  a  lens,  it  appears  to  fc      i 
comprised  of  striated  faces  of  a  reddish  aUoy  mixed  with  a  white  one.    ||^H 
it  be  moro  f]uickty  solidiBed  by  pouring  it  into  thick  iron  mouldtt  d^H 
alloy  is  obtained  which  appears  perfectly  uniform,  even  nnder  tbo  l«ni. 
When  quickly  cooled  in  water  after  continued  strong  ignition,  it  renaiti* 
uniform;  but  if  sulfered  to  cool  slowly  after  conttnned  ignition,  it  beocDBii 
variable  in  eompoaition,  like  that  which  baa  been  slowly  csooled  allct 
fusion.     Hence  tbe   alloy  which  is  uniform  at  the   melting  heat,  and 
likewise  at  a  strong  red  boat,  separates  into  two  different  alloys  when 
slowly  cooled.     The  largo  mass  of  a  cannon  cannot  be  cooled,  eveii  by 
moulds   which   conduct   heat   well,   suddenly    enough     to   prevent 
formation  of  two  distinct  alloys,  whereof  the  one  tbat  is  richer  in  o 
solidilles  tirst^  wliile  tbat  wtich  is  richer  in  tin,  oontatnin^  82  3 
copper  to  17 '7  tin,  piu'tly  rises  to  the  top,  and  partly  blujlb  Into 
mould,  (Karsten,  Schw,  65,  387.) 

€,  6  25  pts,  copper  to  1  tin:  the  densest  of  all  the  alloys;  ita  epeciSo 
gravity  is  8-87.  (Bricbe.) 

/.  From  4  to  5  pts.  copper  to  1  tin:  BeU-mdah  Yellowish-grey,  and, 
when  very  slowly  cooled  from  a  red  heat,  very  hard,  diffictdt  to  filc^ 
sonorous,  brittle,  exiiibiting  a  fine-grained  fracture.  When  heated  to 
redness,  and  then  suddenly  cooled  by  immersion  in  water,  it  beoomet  toft, 
and  easy  to  file  and  turn,  but  may  be  hardened  again  by  i^ition  atid«bw 
cooling,  Tbe  Cbineae  cymbals  called  Gong-^%ig9  are  mado  of  tbi«  aUpy. 
(Darcet^  Gilb  5%  104;  further  Ann,  Chim!  Fh^M  54,  331.)  BcU  mala] 
becomes  malleable  at  a  temperature  not  far  below  redneat.  f  WoUasloa, 
GUb.  56,  im.)—An  alloy  of  4  pts.  copper  and  1  tin  fnaed  ana  then  rciy 
slowly  cooled,  exhibits  a  striated  surface,  a  dingy  white»  cloae  fiuctnni^ 
and  is  very  brittle.  When  poured  out  into  cold  iron  mouM>k  It  ♦xl^lMt^ 
the  same  properties;  but  if  immersed  in  cold  water,  after  I 
some  time  at  a  low  red  beat,  it  becomes  yellowish- white  ui.^ 
I>uring  tbe  ignitioni  if  eomewbat  too  strongs  white  globnlat  of  an  all 
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richer  in  tin  ar©  seen  to  ooze  out,  but  at  a  higher  tempera tnro,  when  tho 
whole  mnMS  becomes  liquid,  they  disapp^^ir.  Hence  the  alloy  appears  to 
be  resolved  at  a  temperature  below  its  melting  point,  into  two  other 
compounder  which,  on  slow  cooling,  reunite  and  form  the  brittle  alloy, 
but  remain  separated  if  the  cooling  be  more  sudden. 

^.  3  pt5.  copper  to  1  tin:  reddieh-white;  very  brittle;  sp.  gr  8'879, 
(Chaudet.)  With  a  email  quantity  of  arseuio  it  forms  a  epeculam-metaU 
(Little.) 

k,  2  pta.  copper  to  1  tin:  steel-grey,  rery  hard.  Ecmaina  uniformj 
even  after  slow  cooling  from  a  state  of  fusion.  (Karaten.) — ^2  parts  copper, 
1  tin,  and  ^  arsenic  form  a  epeculum-metal;  so  likewise  do  64  pta, 
copper,  3S  tin,  25  arsenic,  and  8  brass.   (Little.) 

i,  1  pt.  copper  to  I  tin:  bluish-white  like  zinc,  slightly  malleable,  not 
Tery  hard;  epecific  gravity  8^4fj8  (Chaudot),  879  (Bnche).  Remains 
uniform  after  slow  as  well  as  after  sudden  cooling.  (Karsten.) 

l\  1  pt.  copper  to  2  tin;  white,  brittle.  Uniform,  even  after  elow 
cooling.  (Karsten.) 

/.  1  pt.  copper  to  3  tin:  bluish- white,  exHibita  a  cr^talline  aspect  and 
fibrous  texture;  cracks  under  the  hammer.  Specific  gravity  7*813. 
(Chaudet.) 

m.  1  pt  copper  to  3'6  tin^CuSn*. — In  a  tinned  copper  boiler, 
regular  six-sided  prismB  were  found  to  be  formed,  with  indistinct  cleavage 
parallel  to  p.  (Miller,  FhiL  Mag,  J,  6,  107.)  Yellow-grecuish-white; 
ghining;  ductile;  of  specific  gravity  7' 53;  fusing  at  a  red  beat;  slowly 
attacked  by  dilute,  ea&ily  by  strong  nitric  acid;  dissolves  rapidly  in  boiling 
hydrochloric  acid,  (Roth,  Fogg,  36,  478.) 

Rot]], 
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n,  1  pt.  copper  to  10  tin:  malleable  to  a  certain  extent,  hut  eracks 
under  the  liammer;  specific  gravity  7*472,  (Chandet.) 

Boiling  hydrochloric  acid  extracts  tin  from  these  alloys,  and  leaves  a 
compound  containing  a  large  quantity  of  copper  with  a  small  quantity  of 
tin,  (Chandet,  Ann,  Chlm,  Phy9,  7,  275*) 

Ancient  and  other  alloys. 
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a.  Bronze  from  Celtic  vessels,  swords  and  spears.  (Clarke,  Ann*  PhiL 
7,  73«) — b.  Arrow-head  from  an  Egyptian  tomb. — c.  Cast  coflin  from 
Altai,  on  the  borders  of  Cliina, — a.  Another  coSim  (Gobel,  Schw. 
00,  407.)^ — €.  Old  bell  at  Rouen,  known  by  the  name  of  Cloche  dtArgenL 
(G^rardtn,  Ann,  Chinu  Phys,  50,  205.)—/  Chinese  Gong.  (Thomson, 
Ann,  PhiL  2,  209.) 

B.  CupRouB  Stagnate, — Tho  solution  of  protochlorido  of  tin  in 
caustic  potash  forma,  with  copric  nitrate,  a  yellowish-green  precipitate, 
which,  if  kept  from  contact  with  the  air,  tarns  yellow,  and  is  subseq^uontly 
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conYeried  into  bjdrated  cuproiia  stannate.  Thb  compoand,  when  ex- 
posed totbe  air,  changes  into  Iwdratod  cupric  oxide  aad  hydrated  atjumic 
oxide  [or  into  cupric  staniiate?].     (Lcykau^  */.  pr,  Chem,  19^  129.) 

C.  Cupric  Stannate. — Stannatc   of  potasb   added   to  cupric   mXt» 
til  rows  down  a  green  precipitate,  composed  of  CuO,StiO*-|-0Aq,  (Moberg.) 

Alloys  whichj   besides   oopper  and   tin^  likewise  contain  antimonj, 

bismutlij  or  ziiic  : 


Zn 

Sn ,. 
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a, 
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Brass.            Wire. 
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p.  103),  in  which  100  parts  of  I 
and  I  bifimuth.— ^  serves  for 


a>  The  better  sort  of  Pewter  (comp. 
are  united  with  8  antimony,  4  copper, 
leaves  with  which  the  saperfluous  cohmr  is  reraoved  from  the  cylinders" 
nsed   in  calico-printing.    (BertbierO — c.  Wire   frtmi    a    LiToniau    tomb. 
(Gohcl.) — d.  From  a  tomb  in  the  ruined  c^tstle  of  Honneberg-   (Fr.  Jahn, 
Ann,  Pharm,   27,  338») — e.  Bronze  for  castings  intended  to   be  gilu— 
/»  Bronze  for  other  castings.  (Mitschcrlich.) 


Copper  and  Lead, 

A.  Alloy  op  Copper  and  Lead. — Formed  by  fusing  the  two  metaU 

together  at  a  strong  red  beat,  and  cooling  rapidly,  to  prevent  separation 
into  two  alloys,  lieddiah-groy,  slightly  malleable  or  brittle.  Appean 
to  he  a  mixture  of  two  alloya,  one  containing  more  copper  and  fusing  %t 
a  higher  temperaturCj  the  other  more  lead  and  fusing  at  a  lower  tempera- 
ture :  the  latter  flows  out,  when  the  metal  is  gently  heated.  If  the  alloj 
be  heated  with  oil  of  vitriol,  and  the  action  interrupted  at  tbe  prop 
time,  the  whole  of  the  copper  will  ho  attacked,  bat  the  lead  will  rema 
nnaltered.  (Brault  &  Po;,'giiile,  */.  Phai*tii,  21,  140.)  Small  quantities 
lead  diminish  the  ductility  of  copper,  both  at  ordinary  temperatures  and 
at  a  red  lie  at,  Co]»per  coutaining  even  Ul  per  cent,  of  lead  may  still  bo 
used  for  ordinary  purpoges,  but  cannot  be  formed  into  thin  leaves  or 
wires;  that  which  contuius  0*3  per  cent,  of  lead  works  better  cold  1 
hot,  a«  in  the  latter  case  it  cracks  at  the  edges  immediately.  1  per  ( 
of  lead  renders  copper  perfectly  useless.  (Karsten.) 

B,  Cuprous  Oxide  with  Lead-oxibe.  —  Lead-oxide  may  be 
to  unite  with  cuprous  oxide  by  fusion.     Tbe  coniftound  is  abo  for 
1,  By  fusing  cuprtc  oxide  with  a  proportional  quantity  of  lead;  if  the  1 
18  in  exct*^«,  a  couipannd  of  lead  with  a  small  quantity  of  copper  U  in 
diattdy  formed .^ — 2.  When  copjier  is  fused  with  lead-oxide^  a  quautitin 
the  alloy  of  lead  and  copper  being  formed  at  tlie  same  time ;  jiarl  ol  ll 
lead,  however,  remains  unreduced,  even  when  tbe  copper  ia  in  very  t» 
excess.     Any  silver  that  may  l>a  present  is  completely  taken  up  liv  \ 
alloy.     (Kar^itcu,  8chm,  CG,  305.) 


C.  CtTPEic  OxTDE  WITH  Leab-oxibe. — Produced  In  tlie  form  of  a 
iJwlE-coloaretl,  fased  masa  in  the  cupellation  of  cupriferous  silver  witli 
l»ad* 

B,  Sulphide  op  Copper  akd  Lead.^ — a.  1  part  of  iralena  heated  to 
whiteaess  in  a  cliarcoal  crucible  with  1  pt.  of  disulphido  of  copper,  yields 
a  black  radiated  maas,  reaembliiig  disulphido  of  copper. — b.  Que  part  of 
galena  and  3  part^  of  dieulpbide  of  Cdpper  form  a  compound  having  a 
texture  similar  to  that  of  galena  itself.  {FourneL) — c.  Copper  fuaed  even 
in  great  excess  with  galena,  doea  not  abstmct  all  the  sulphurj  but  forms 
an  ailoy  of  copper  and  lead,  and  a  compound  of  sulphide  of  copper  with 
sulphide  of  lead,   (Karsten.) 

E.  Ilt/posnlpMte  of  dtprk  Oxide  and  Lead-oxide  f — Hyjyo^ulpliitc  of 
lead-oxide  and  potafjli  forms  with  acetate  of  cupric  oxide,  a  light  green 
preci|iitatej  which  turns  dark  brown  on  exposure  to  the  air,  and,  when 
heated  in  a  retort^  is  resolved  into  water,  sulphurous  acid,  ami  a  fused 
residue,  which  afterwards?  solidifies  and  presents  a  red  surface.  Tlie 
liquid  from  which  the  precipitate  has  aeparated,  contains  copper  and 
lead,  and  turns  black  when  heated.  (Rammelsherg,  Fop*;.  5B,  314,) 

F-  Selenide  op  Copper  and  Leah, — a.  4PbSe|CuSe, — Specific 
gravjtjt  from  7'4  to  7^5.  Reddish  lead -grey,  yielding  a  greyish-black 
powder*  Decrepitates  strongly  when  heated  in  a  glass  tube,  yielding  a 
sublimate  of  seleuiuni,  and  fusing  to  a  brownlsh-yclIow  liquid^  which, 
after  longer  heating,  eolidifics  in  a  black,  tmnefied  mass.  When  heated 
on  cbarcoaU  it  gives  off  a  browu-rcd  fume,  with  a  etrong  odour  of  selouiiini, 
and  fuses  to  a  black  slag,  covering  the  charcoal,  first  with  a  metallic 
film,  and  then  with  a  yellow  film  of  leail-oxide,  With  borax  it  forms  a 
pole  green  glass^  aud  a  malleable  globule  of  metal  containing  lead.  With 
nitric  acid  it  behaves  like  6.  (Kerston^  Po^^.  i6,  265.) 
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L  2PbSe,CuSe. — Selenide  of  Copper  and  Lend^  SelenknpferblH  of 
minoralugists* — From  Ti  Ike  rode  :  massive,  of  specific  gravity  7'0,  and 
fine-grained  fracture,  tendiug  sometimes  to  the  conchoidal,  sometimes  to 
the  even.  Of  a  lighter  lead-grey  colour  and  fainter  lustre  than  se!enid© 
of  lead;  often  with  a  brass  yellow  or  violet  tarnish;  yields  a  grey  powder. 
When  heated  in  a  glass  tube  opeu  at  l>oth  ends,  it  yields  a  snoliraate  of 
selenium  and  selenious  acid,  and  fu.ses  to  a  black  slag  surrounded  with 
fufied  yellowish  oxide  of  lew  1.  (Zinken,  Fogg.  3»  275.)  Does  not  yield  a 
sublimate  of  selenium  when  heated  in  a  closed  glass  tube,  (H,  Rose,  Pogg. 
3,  2J>0.)  From  Tannenglashach.  Cleavage-plane  apparently  parallel  to 
the  faces  of  a  cube.  Specific  gravity  from  0^96  to  7*04,  Fiiie-grainedi 
very  much  like  granular  galena,  but  of  a  darker  lead-grey  colour  ;  yields 
a  greyish-black  powder.  Wheu  heated  in  a  closed  glass  tube,  it  decre- 
pitates slightly — ^yields  a  sublimate  of  selenium  (which,  after  strong  and 
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platmum  wire  it  disaolvea  with  effervescence,  forming  a  clear,  green  gla?s, 
which  becomes  jeliow  and  turbid  od  cooling,  ami  colours  water  yellow 
bj  giving  up  chromuta  of  so<la  to  it.  With  ca.rbonato  of  eoUa  on  char- 
coal, it  sinka  into  tlio  charcoal,  and  yields  granules  of  lead  by  levigatiun. 
When  fused  in  a  small  quantity  with  borax,  it  disaolvea  with  intumes- 
cence, and  forms  a  green  glass,  which^  if  sabjected  Ui  the  action  of  the 
inner  flame,  and  then  left  to  cool,  becomes  red,  opa<|ue  rod,  or  black, 
ai^conling  to  the  quantity  of  the  mineral;  a  large  quantity  of  the  mineral 
farms  a  bbck  bead  with  borax  immediately.  With  niicrocoaraic  salt  it 
behavefl  as  with  borax.  (Berzelius.)  W^ith  nitric  acid  it  forms  a  dark 
green  solution,  and  learea  a  yellow  residue. 
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H.  Anttmonide  op  Copper  and  Lbad. — A  sample  of  type-metal,  of 
better  quality  than  ordinary,  was  found  to  e^jntaln  50  per  cent,  load,  22*23 
copper,  27*77  antimony,  and  a  trace  of  iron.  (Lassaignej  J*  Ohim,  Mid* 

18, 7a) 

I.  SuLPHANTiMONiTE  OP  CoppEn  AND  Lbad.— «.  Boumonite. — Crys- 
talline system  the  right  prismatic.  Fi^.  61,  and  a  right  rectangular  prism 
iicumiuated  with  the  faces  a,  y,  and  L  Of  specific  gravity  5*7».,6'8,  and 
the  hardncBs  of  oalospar.  Dark  Bto^l-grey,  yielding  a  black  powder. 
Heated  in  an  open  tube,  it  gives  off  sulphurous  acid  and  a  strong  white 
fumCj  part  of  which  settles  on  the  lower  .side  of  the  tube  in  the  form  of 
infuaiblo  and  nou- volatile  antimontte  of  lead  oxide,  tho  reat  on  the  npper 
part  in  the  form  of  volatile  antimonic  oxide.  On  charcoal  it  fuses  and 
emits  a  fume,  and  if  the  heat  be  continued,  solidifies  in  the  form  of  a  black 
bea<l,  which,  when  subjected  to  the  action  of  a  stronger  blasts  covers  the 
charc-oal  with  oxide  of  lead,  and  changes  to  a  slag,  in  which  fluxes  show 
tfie  presence  of  a  large  quantity  of  copper  ;  this  slug,  after  the  lead  has 
been  extracted  from  it  by  carbonate  of  soda,  may  oe  converted  into  a 
button  of  copper.  (Berzelius.)  The  mineral,  treated  with  nitric  acid, 
forms  a  blue  solution,  with  separation  of  sulphur  and  antimonic  oxide. 
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2PbS,Cu*S  +  ShS';    or    4PbS,  SbSH2Cu*S,  SbS' ;    or    2(3PbS,  SbS») -h 
3Cu^S,  SbS^. 

a.  From  Pfaffenberg  on  the  Harz; — h.  from  Huel-boys; — c.  from  Cora- 
wall; — d,  from  Klaustbal; — €.  from  Alais;— /  from  Mexico,  The  massive 
Boumonite  from  Freiberg  {Fr.  August),  of  specific  gravity  .'J"752,  contains 
0*122  per  cent,  of  silver,  and  tho  crysialliKed  variety  from  Beihiilfo  near 
Freiberg,  of  sjiecific  gravity  5  GOO,  contains  0*127  per  cent,  of  silver, 
{Weiseenbach, /,  Uchn.  Ohim,  10,  224.) 
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I^  AMMUfT  or  Coms,  Lbah.  Tcr,  axd  Zixe — a  Briiitik  Bdl-meld 
tSMiMs  5^  per  est.  imc.  10-1  tm,4-3  loud,  mud  80*0  eopper.  (Tkamscm, 
jmm,  FiiL  2,  209.) — ^  Biddtwy  wmrt  is  prodvced  in  Indim  by  eoBl»Biii| 
2  r-^^.  lisi.  4  feftd,  mud  16  eopper,  mud  fiuuig  3  p«&  of  the  resoltioF  aUoj 
whh  16  of  ncL  (Wilkiiis,  Anm.  PkiL  2,  471.) 
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Copper  and  Iron, 

A.  Alloy  of  Coppek  and  Iron. — Combination  between  these  two 
inetiil§  takes  place  witli  difEeiiltj.— 100  part^  of  copper  may  bo  made  to 
unite  by  fusion  with  any  qimnti ty  <jf  bar-iron  from  1  part  to  100  anil 
upwards.  Tlie  iiiteiisTty  of  tbe  copper  colour  increases  till  tbe  t|uantitie9 
of  tbe  two  metals  become  ef|ual;  but  tbe  more  the  fjuautity  of  tbe  iron 
exceeds  tbat  of  tbe  copper^  tbepaJcr  does  tbe  alloy  become  on  tlio  fra^-tured 
fiurface.  The  alloy  of  2  pts.  copper  to  1  iron  bas  the  greatest  tenacity;  if 
tbe  proportion  of  iron  be  increai?ed,  the  hardness  increases  but  tbe  tenacity 
dimini.s[ies,  and  the  fracture  then  becomes  laminar.— From  ores  containing 
the  stilpbides  of  iron  and  copper,  tbe  following  alloys  containing  different 
proportions  of  tlic  two  metab  may  be  preiiared.  One  alloy  of  this  kind 
was  copper-red  on  tbe  outer  surface,  bad  a  pnle  uniform  fracturej  and  wns 
magnetic.  Another  exhibited  externally  a  copper-red  colour  inclining  to 
grey;  had  a  deep  copper-coloured  and  laminated  fracture;  waa  magucticj 
and  interspersed  witb  isolated  granules  f»f  copper  and  a  few  granules  ojf 
iron,  A  third  was  iron-cohnired,  hard;  had  a  laminar  fracture;  waa  strongly 
magnetic;  and  exhibited  isolated  granules  of  copjicr  and  numerous 
granules  of  iron,  (Musbet,  PhlL  Ma*/.  J,  0,  BK}— Aecording  to  former 
statements,  the  alloy  of  copper  and  iron  is  grey,  slightly  extoufiible,  more 
difHeuIt  to  fuse  than  copper,  and  magnetic  even  when  it  contains  only  y'^ 
part  of  iron.  The  brittleness  of  iron  at  a  red  beat  appears  sometimes  to 
proceed  from  admixture  of  co[jper. 

B.  Carbide  op  Copper  and  Iron. — Carbon  interferes  witb  the 
rombination  of  iron  and  copper.  (Mushot.)  Copper  impairs  the  quality 
of  steel  (Faniday  &  Stodart);  and  in  tbe  jiroportion  of  2  per  cent, 
renders  it  brittle  (Brt%nt}. — a.  13  pts.  of  steel  fussed  with  1  part  of 
0opper  form  an  alloy  having  a  radiated  cry.^talline  surface,  harder  than 
east -steel.,  but  not  available  for  the  onlinary  |mr}ioses  of  steel,  inasmuch 
as  it  will  not  take  an  edge;  the  presence  of  copp^?^  in  the  alloy  is  apparent, 
—6,  10  pts,  steel  with  1  copper.  Less  crystaHine,  hard,  and  brittle; 
exliihits  a  few^  i.^olate^l  specks  of  copper. — c,  5  pts.  steel  to  1  copper. 
Less  intimately  combined,  bas  a  granular  fracture,  and  exhibits  a  copper 
colour  on  the  filed  surface. — d.  3  pt^^.  steel  to  1  copper.  Part  of  the 
copper  settles  down  below  the  steel,  and  separate  particles  of  copjier  arc 
likewise  seen  on  the  fractured  surface. — White  cast-iron  behaves  witb 
copper  in  the  same  manner  as  steel,  but  the  combination  la  less  intimate, 
and  tbe  quantity  of  copper  taken  up  doea  not  exceed  ^;  grey  caisjt-iron 
takes  up  still  loss.  (Musbet.) 

C*  Sflphtde  of  Copper  and  Ihon. — a.  Purplt  Copper,  Varitffated 
Coppt>\  PkiUipsine.  —  Cubes  and  cubo-octobedrons,  with  indistinct 
cleavage  parallel  to  the  octoliedral  faces.  Specific  gravity  4*9  to  5*1. 
Hardness  equal  to  tbat  of  calcspar.  Tbe  cnhmr  <»f  tbe  recently  fractured 
surface  is  between  copjicr-red  and  piiicbbcL-k  brown,  hut  it  quickly 
acquires  a  particoloured  tarnit^b;  powder  greyish -black.-*— Does  not  give 
off  anlpbur  when  i^^nited  out  of  contact  ot  air;    when  heated  in  an  open 

flass  tahe,  it  yieldjB  alar^e  quantity  of  sulphurous  aci<l,  but  no  fiublimate. 
[eated  on  charcoal  before  the  blowpipe,  it  acquirer  a  dark  tarnish^  then 
becomes  black,  and  red  on  coolings.  Fusee  eaisilj  to  a  brittle  globule 
which  becomes  magaetio  after  Bufficieat  blowing,  and  app<jars  greyish-red 
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ami  Ti  Fu^lo  Copper  foom  Mftrtaaberg  in  Dmlane.   (FhtlM, 

47,  tSL)--&.  Cijilalllied,  from  the  Condmrft  niino  io  Cinmli 

)~^€,  Cuhm  fron  ft  loeklhjr  tink&ovn.     The  diflerMiot '   ' 

anljM  tad  tknl  ol'  ^,  b  peHmpe  due  to  ■dmixttiro  o^  orpftf 

tnpfib)— dL  pQjple  Copper  from  Ho^Isknd,  (PMni|i«.N— «. 

iikacL  (Hiflinirer,)— /.  Maoaire^  from  the  Woitiki  niiiiv  oo 

,  of  iiie  White  Sen. — ^<?.  From  Bristol  in  ConnccticnU  ( " 

ManiTe,  from  Eiilebcn.  (Plattocr.) — «'.  From  NnilumL    ( 

fnm  Hoii|tQt«teUi«  (BeHhierO— '•  MaMirt^  Ifoai  ^ 

ttner.) 


COPFER  PYBITES, 


I 


P 


From  the  aboTo  calculations  L  to  VI.  two  eete  of  formulaB  may  b© 
deduced,  accordingly  as  we  suppose  tlio  Pnrpla  Copper  to  contain  Feb,  or 
aa  Plattuer  prefers,  Fe*S^ 

Calculation  L  ^ivea:  iFeS,  CiiS  +  5Ca^S.  To  make  tLe  second 
fommlii  applicable  in  this  case,  Plattner  8  apposes  that  t!ie  ore  con  tains 
FeS  as  well  as  Fe-Sl 

Calculation  11.  gives  FeS,CuS  +  Ca"Sj  or,  Fe'S*+3Cu'S. 

Calculation  III.  2FeSjCuS-f  SCu'S;  the  secoud  formula  is  inapplicable. 

Calculation  IV,  FeS  +  2Cu'S;  the  second  formula  ia  inapplicable. 

Calculation  V.  FeS,  CuS  +  SCu'-'S,  or  Fo'S^  +  5Cu\S. 

Calculatiou  VI.  FeS-f4Cu*S,  the  second  formula  is  inapplicable. 

Calculation  VIL  FeS,  CuS  +  4Cn^S,  or  Fe-S^  +  OCn^S. 
Since  the  supposition  that  the  mineral  contains  FcS,  produces  the  best 
accordance  between  the  calonlated  and  analytical  results,  we  may  fairiy 
giFO  it  the  preferonco. 

Purple  copper  heated  in  a  current  of  hydrogen  sn flora  ftome  loss  of 
weight;  Tiz.,  «,  from  219  to  2*59  per  cent.;/,  2*00  to  2*66;  A,  0'86  to 
l"03j  and  Ij  1*0  to  1*1  per  cent.  This  loss  proceeths  partly  from  sulphur, 
Fe*S*  being  converted  into  FeS  [or  2 CuS  into  Cu^S],  partly  from  oxygen 
contained  in  oxide  of  copper  accidentally  present,  in  which  case,  particles 
of  reduced  copper  are  found  after  treating  the  mineral  with  hydrogen  gas, 
(Plattner.) 

6.  Copper-ptfriies^^-CTysi&lVine  system  the  square  prismatic.  Primary 
form,  Fig.  23;  e  :ff'=109-^  54';  e  :c"=108''  40';  Fig.  24,  irregular  tetra- 
hedrons produced  by  obliteration  of  the  four  alternate  faces  of  Fig,  23, 
Acute  octohedron,  Fig  21,  *  :€f"=126^  11',  and  other  forms.  Specific 
gravity  4- 10.  Of  the  hardness  of  fluorspar.  Does  not  give  sparks  with 
tteel.  Brass-yellow,  often  with  a  variegated  tarnish;  yields  a  greenish- 
black  |>owder,  —  Before  the  blowpipe,  it  behaves  like  purple  copper, 
(Berzclius.)  Dissolves  in  aqna^regia  with  separation  of  sulphur,  leas 
readily  in  nitric  acid, — When  heated  to  redness  in  a  charcoal  crucible,  it 
gives  off"  9  per  cent,  of  sulphur.  (Berthier.) 

100  parts  of  cop jier-py rites  ignited  with  50  parts  of  litharge,  fuse 
with  intumescence  and  separation  of  6  parts  of  ductile  lead»  into  a  pasty 
mass  which  solidifies  to  a  brown  glassy  slag  on  cooling. ^ — With  100  parts 
of  litharge,  the  mat^s  boils  up^  yields  35  parts  of  leail,  11*5  of  a  grey 
sabstance,  and  a  glassy  slag  on  the  top  of  all. — With  200  pts.  litharge; 
49  rits.  lead,  a  small  quantity  of  grey  matter  upon  that,  and  a  transluoenti 
dark  brown-red  slag  as  the  uppermost  strntuuL — With  300  pts,  litharge: 
The  mass  fuses  r€«dily,  almost  without  ebullition,  yielding  72  partB  of 
lead  and  a  dense,  shiningj  light  grey  slag.  Hence,  in  the  separation  of 
gold  from  auriferous  pyrites,  it  is  necessary  to  use  about  three  times  the 
weiglit  of  litharge,  in  order  to  ensure  the  complete  formation  of  the  slag. 
(Berthier,  Aim.  Chim,  Phi/$,  39,  256;) 
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a.  CrystallijEed  copper-pyritea  from  Eamberg  in  S&vnia. — h.  Crjstalltiod 
copper- pyrites  frora  Furstenberg',  The  crystallized  copper-pyritos  from 
Freiberg  Irna  the  same  coinposUion.  {Gill,  72,  185.) — c.  Crysttllix^il 
coppor-pyritcs- — d,  Botryoidal  cop  per- pyrites. — c.  Copper- pyrites  ftum 
Orrjjitrfvi.— ;f.  Massive  copffrcr-pyrites  from  Allagoe. — g,  from  Allarud. 
—  h.  From  Saxony.  —  i.  Of  uoknowii  origiu.  —  k.  From  Combclle 
L  From  Sainbel— m.  From  Baigorry. 

Tbo  fnrmubi   of    copper-pyrit<?8  is   either   FeS^CuS,  or   Fe'S'^Cal 
H.  Roso  gives  the  preference  to  the  latter* 

D.  FEBRoso-cupnic    Sulphate. — Green-vitriol  containing  i 

Known   in  commerce  by   the  Hiimes  of  Eagle^  DmibU  Eagle^  Adm 
Sahhurg,  and  Balreuth   VifrioL     It  is  sometimes  formed  by  dt/<eolf 
copper  in  the  solntion  of  green  vitriol  obtained  by  the  weatberiog  of  wbil 
iron-pyritcSj  the  ferrous  oxide  contained  in  tlie  i&olution  taking  up  oiy^ 
from  the  air,  and  traiiBferring  it  to  the  copper.     The  cryetaU  of  thi^ 
have  the  form  of  grcea  vitriol  when  they  contain  9   per  ceot.  of 
compound,  and  the  form  of  blue  vitriol  when  they  contain  less  than  9  ^ 
cent,  of  the  iroa-Ealt.   (Bemlnnt.)     Those  crystals  which  have  the  fonQ  < 
green   vitriol   contain   7  atonie  of  water.    (Mitacherlich.)      Their  coV 
inclines  to  green  or  blue,  in  proportion  as  the  iron  or  the  copper  predoD 
nates  in  their  competition. 

For  analyse*  of  coiumcrciiil  ciipriferouf  green  vitrioh  (TW.  Ftciniu,  Kattm,  AftK 
10,  481;  Heeran,  J,  pr.  CAem.  11,  378.) 

E.  SULPIT.U^TIMONTTE     OP     CopPER     AND       IrOJT. Fokl^Orf,    Or 

Ci>/>/J<^r*— The   antimony  i8   partly  replaced  by  arsenic   in   Liffhi  Gr 
Copp(i\  completely  in  TennaniUe;  part  of  the  iron  is  also  replaced  by  rinc^l 
and  in  Qitiehiivrr  Fahl-ore  by  mercury.     In  ^Silver  Fahl^ore  pari  of  th 
iron  \h  replaced  by  silver, — The  mineral  bcfongs  to  the  regular  syetcm  > 
crystal  ligation,  Fitjs.  2^  13,  14,  15,  16,  and  other  forms.     Cleaviige  iiidl0*1 
iinct  parallel  to  the  t^^trahedral  faces.     Harder  than  calospar, 

a.   Tetinajitife, — (Containing  ar«0nie»  but  no  antimony.)     Fi^.  2, 3,  ^ 
6,  8,  and  13.     Sperilic  gravity  4-375.     Lead-grey  inclinmg  to  iron-bladcl 
Before  the  blowpijic  it  decrepitates,  burna  with  a  blue  flame  and 
ftune,  and  fuses  to  a  magnetic  slag. 
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(FeS  +  3CuS)  +  4Ca'S  +  2Ai»S*  =  4[jFc,|Cu)S],A*S»  +  4Co*S,A*S», 

Weissenbach  found  in  Tennantite  from  Cornwall^  0*017  per  eonUof  oil? 

and  43'8  of  copper. 


FAHL-ORE.  49a 

/3.  lAghl  Grey  Copper, — (Containing  a  large  quantity  of  arsenic  in 
addition  to  antimony.)  Specific  gravity  about  4*5  or  4*7.  Steel-grey 
inclining  to  lead-grey;  yields  a  black  powder. 


H.Rose. 

H.  Ro«e. 

At. 

a. 

At. 

b. 

Zn   ....        5 

..    160  . 

..     3-34     . 

...       3-69 

4 

..    128.. 

..     2-58 

...    2-76 

Fe 

8      . 

..    224  . 

..     4-68     . 

...       4-66 

8      . 

..    224.. 

..     4-51 

...     4-89 

Ag 

.. 

.•                • 

...       0-60 

1 

..    108.. 

..     2-17 

...     2-37 

Cu 

...  11  +  48.. 

..  1888  . 

..  39-45     . 

...     40-60 

11  +  48  . 

..  1888 .. 

..  37-99 

...  38-63 

Sb 

5       . 

..    645  . 

..  13-48     . 

...     12-46 

7 

..    903.. 

..  18-17 

...  16-52 

Ab 

7      . 

..     525  . 

..  10-97     . 

...     10-19 

5 

..    375.. 

..     7-54 

...     7-21 

S.... 

...      84 

..  1344  . 

..  28-08     . 

...     26-83 

84      . 

..  1344  .. 

..  27-04 

...  26-33 

Qaartz 

.. 

0-41 

4786  .. 

..100-00     . 

...     99-44 

4970  .. 

.  10000 

...  98-71 

a.  From  Markirchen  in  Alsace=(5ZnS,8FeS,llCuS)  +  24Cu*S-H 
(5SbS',7A8S')  =  4[(AZn,AFe,HCu)S]  +  (fSb,iA8)S»+4Cu»S,A8S\_ 
6.  From  Gersdorf  near  Freiberg=(4ZnS,8FeS,lAgS,llCuS)-f-24Cu^-f 
(7SbS»,5A8S»J=4[AZn,  AFe,  ^ij-Ag,  |iCu)SblS*  +  4Cu»S(4Sb4As),S».— 
According  to  Weissenbsush,  h  h&a  a  density  of  4*722,  and  contains  1*77 
per  cent,  of  silver  and  38*5  of  copper. 

y.  Dark  Grey  Copper. — (Containing  little  or  no  arsenic  associated  with 
tbe  antimony.)  Specific  gravity  4*7  to  4*9.  Colour  iron-black  inclining 
to  steel-grey.    When  ridi  in  zinc,  it  yields  a  dark  red  powder;  e.  g., 
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At. 

a* 

At. 

b. 

Zn 

...      6 

....    192  . 

...    5*64     . 

..      6-85 

10      ... 

.    320 

....    6*90  .. 

..     7-29 

Fe 

...      2 

....      56  ....     1-65     . 

...       1*52 

1      ... 

.      28 

....    0*60  .. 

..     0-86 

^ 

... 

. 

••.               . 

...      0-83 

....             .. 

..     0-62 

Cu 

...  8  +  32  ....  1280. 

...  37-62    . 

...     38-42 

11+44  ... 

.1760 

....  38-05  .. 

..  37-98 

Sb 

...      7 

....    903. 

...  26-55     . 

...     25-27 

9      ... 

.  1161 

....  24-96  .. 

..  23-94 

As 

...      1 

....      75  . 

...     2-20     . 

...       2-26 

2      ... 

.    150 

....     3*22  .. 

..     2-88 

8... 

..     56 

....    896. 

...  26-34     . 

..     25-03 

77      ... 

.  1232 

....  26-27  .. 

..  25-77 

3402  . 

..100-00     . 
At. 

..  100*18 

4651 

....100*00  .. 

H.Rose, 
c. 

..  99*34 

Zn 

5 

....     160     . 

...       600 

.... 

5-55 

Fe  

2 

....       56     . 

...       2-10 

.... 

2-27 

Ag 

1 

....     108     . 

...       405 

.... 

4-97 

Cu 

.     4  +  24 

....     896     . 

..     33-61 

.... 

34-48 

Sb  

6 

....     774     . 

..     29-03 

.... 

28-24 

S    

42 

....     672     . 

..     25-21 

.... 

24-73 

2666     ....  100-00       ....     100-24 

a.  From  tbe  Aurora  at  Dillenburg;  sp.  gr.  4*846;  contains  0*56  silver  and 
38*5  copper. 

(6ZnS,  2FeS,  8CuS)  + 1 6Cu2S  +  (7SbS»,  AsS8)  = 
4  [ft  Zn,  AFe,  &Cu)S],  SbS>  +  4Cu2S(JSb,  JA8)S». 

h.  From  Kapnik  in  Hungary;  sp.  gr.  4-75;  contains  1*01  per  cent,  silver 
and  37*6  copper.  (Weissenbacb.) 

(lOZnS,  FcS,  1  ICuS)  +  22Cu2S  +  (9SbS»,2A8S>)  = 
4[4JZn,  yi^Fc,  iiCu)S],  SbS»  +  4Cu2S,  (^Sb,  i\As)S». 

c.  From  Zilla  near  Claustbal : 

(5ZnS,2FeS, lAgS,4CaS)  +  12Cu3S  +  6SbS3  a 
4[fjZn,  ftFe,  /,Ag,  ACu)S],  SbS*  +  4Cu2S,  SbS». 
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At  rf.  At, 

&  ..«_       1    ....    32  .„,     3*70  ..„  502 

Pe    .„...„       1    »..    28  ...,     8*25  ,..*  4  42          2       ...     56  ...     410     ,„.       iiT 

Aff  ...-.,«            ». ""       1*09          I      .  .   106  ....     790     _      8^ 

Ctt  »»  2  +  8. „,  320  ...  3713  ».  37*11      3  +  12...  480  ....  35*11             35  7 

Sb    «       9    .,..258  .,..  29-93  ....  25'97          3        ,    387  ....   i^                     26  8 

8. ,...„...»     U    ^  224  ....  25»9  ....  2376         21     ....  336  ..„  i:                     21  1 

Pb    ....  0-54                 ..-,      0-9 

Undecomposed  ....           ....  ,.„  0*47 

862  ....100*00     .,..     98*38  1367  ...100-00     ^  Itm 

d,  Majssive  Falil-ore  from  Durango  in  Mexico: 
{lZnS,lFeS»2CuS)  +  4Cu=2S  +  2SbS3  a  4[iZn,  JFe,fCa)S],BbS»  +  4Cii«8.Sb9». 

e,  Cryetallized,  from  Claastlialj 

(2Z»S.lFeS,SCuS)  +  12CuaS  +  3SbS*  a  4[iZo,  (Fe, |C«)S],8b9i+  iO^«b^. 

I.  Silver  Fahl-orc^HaTk  grey  copper  rich  in  silrcr,)— «. 
Oi'augiltig&rz  of  Wolfacli  foru^a  dodecaliedrons  with  tetrabedral  ftod  eoi 
facesy  and  of  specific  gravity  5 '007.  (Weiaaenbiich*) — 6.  Tlie  et>-e^lMl 
CrpstalHud  Weissgdiigt-n  from  Freiberg  occura  in  tetrahedrons  and  jicMi 
a  black  powder.  (H,  Hose.) 

At  H.  Ro9«.               Klaproili. 

Zn   3  ....  96  .,..  3-24  ....  310 

Fe 4  ..„  112  ..„  3-78  ....  372  ....            7-00 

Ag   ........  6  ,..  540  „„  18*23  ....  1771  .,,.          13*25 

Cii   .„..».  24  ....  768  ....  25  93  ....  25  23                      2'  :>0 

Sb    .......  6  „..  774  ....  26*14  .„.  26*63                      ■    wQ 

S .,.  42  ...  672  ....  22*68  ....  23*52                       ^..^0 

2962     ....  IQO'OO        IT        Wn         Z         98*25 

At.  H.  Ro«e. 

Zn  %  ....  64  ....  1-45  .,             ^  ^9 

FSb    .*♦.....        12  .,,.  336  »»,.  7'63 

Kg  2+11  ,..  1404  ....  31*88  ..              ;      ) 

Ox 21  ....  672  ....  15*25  ...         14  Hi 

Sb    8  ....  1032  ....  23*43  ....         24^63 

S.. .,.,...„        56  ...  896  ..  20-36                     21-17 

^^  4404^     Z     100*90         Z         98*87 

OraugiUigerz : 

(3Zn8,4Fe8,6AgS)+12Cii»S+6SbS»  ^  4[(/,Za,,\Fe,iVAg)S]Sl>S»+€te«8te 
WtiBsgiMgtrz: 

(2ZnS,  1 2FeS,2AgS) + {Hk^,  IOiCii«)  +  1S8lia^  « 
4[(yVZn,  \  |Fe,  A  Ag)Sl8bSH  *[(U  Ag^,  liCu'jSlSbS', 

It  ii  bore  asfiumod  ibat  tbe  greater  part  of  tbe  nilver  (H>atjuti#d  in 
W^itmUti^rt  is  in  tbe  etate^  not  of  protuiiulpblde  of  ailyor^  Ag%  but  if 
disnlpliide,  Ag*S,  and  replaces  part  of  the  copper,  (vk/,  imfj^ 

With  lY'spcct  to  another  T&rictj  of  WtutfiUigmrs^  which  dot*  not  uppiw  lo  bihiM 
to  FfthLorv,  rid,  Wdfli^nbach  {J,  ttchn.  Chtm,  10.  215).  aiu)  witii  i««|ifci  te  imHinl 
Tarietii'f  of  VVhitt  Copfter-are,  nW.  Brfithaujtt,  Poff.  58,  281 ;  59,  32i)* 

a.  From  Val  di  CiusieUo.    MaaaW^^^  ft^ic:\^<a  ig^w^^  v^Wi^\i  '^ 


yields  a  dark  red-brown  powJer»  Wlien  heated  alone  io  a  glaea  6ask,  it 
yields  a  Binall  tjuatitity  of  a  red-brown  eublimatei  but  with  carbonate  of 
fioda  it  gives  off  mercury.  Heated  iu  an  open  gla^s  tube,  it  evolves 
Bulpburous  acid  and  antimonic  oxide.  On  charcoal  it  fuses  residily, 
depositing  an  areola  of  zinc-oxide  near  the  assay,  and  of  antimonic  oxide 
at  a  greater  distance.  Complete! j  decomposed  by  ai:jua'regia  and  like- 
wise by  nitrio  acid,  though  less  quickly*  (Kersten,  Fogg,  50, 131,)— 6.  From 
K  utter  bach  uear  Iglo.  (H,  Rose  &  Seheidtbauer^  Pogg.  58,  161.) 


At, 
d 
3 
i 

6  +  32  i 
8      . 

50     ! 


84  ... 
100  ... 

1216  Z 
1032  ... 


a. 

5^45 
2^39 

34-55  ! 

29  32  . 


Kerttea* 

..  6-05 

..  1-89 

..  2'70 

..  0*33 

.  35-80 

.  27-47 


89S  ....  85'45  ...  24'U 


At. 
1 
B 
i 

9  +  44 
8 
S 
77 


32 

224  . 

400. 

1696! 

1032  . 

225  , 

1232  . 


6. 
0*66 
4-63 
8*26 

35  03 

21*32 

4*65 

25*45 


ScheidU 
hauer. 
101 

4*9a 

7*52 

tnne 
35'90 
18-48 

3*98 
23*34 

trace 

2-73 


3520  ...100-00  ....  98-41 


4841  ....10000 


97-86 


O.  =  {e2nS,3FeS,mgS,6Cii8)+16Cu=8  +  88hS3 
=  4[{AZn,AFe,,»,Hg,  c«|Cu)8],SliS^+4Cu=S,8bS^. 

&,  =  (lZii8,8FeS,4Hg8,9CuS)  +  22Cu^  +  88bS»  +  3AB8* 

^  AlU^Zn,  j-^Fe,  ,^Hg,  ,»,Cu)S],8h6»+4Cu=B,(ASl>,  A Ajj)S?, 

In  the  preceding  calculation  of  the  several  varieties  of  Fahl-ore,  the 
following  geaeinl  formula  has  been  assumed  aa  the  fouBdation; 

Ih  4lia,BfiP-|-4M'S,BS». 

MS  denotes  the  protosulphides  of  zinc,  iron,  mercury,  silver,  and  copper; 
M'-'S,  disalphido  of  copper  and  eometimea  also  diaulphide  of  silver  (\i 
compound  not  known  in  the  separate  state,  but  analogous  to  the  dioxido 
of  silver  and  therefore  possible).  RS^  is  tersnlphide  of  arsenic  or  anti- 
mony Almost  ail  the  calculations  correspond  very  nearly  to  tho 
analytical  results,  excepting  that  the  analyses  generally  show  a  deficiency 
of  sulphur,  arsenic,  and  antimony, — theae  flubatances,  in  Rose's  method  of 
analysis,  having  been  convertetf,  by  treating  the  mineral  with  chlorine, 
into  volatile  chlorine  compounds,  which  it  was  ^itlicult  to  condense 
completely. 

ff.  Rose,  to  whose  admimble  investigations  we  are  primarily  indebted 
for  the  more  exact  knowledge  of  the  stoichiometrical  composition  of  FahU 
owe^  attigns  to  it  the  formula: 

I4MS,ES>  +  2(4M8',  RS^). 
Thifl  formula,  however,  is  not  so  simple  as  the  preceding;  moreover,  in  the 
case  of  Silver  Fahl-orc,  it  requires  that  the  atomic  weight  of  silver  be 
reduced  fi-om  108  to  54,  and  consequently^  that  the  compound  hitherto 
regarded  as  proto,sulphidc  «^)f  silver,  A^S,  be  considered  as  a  disulphide, 
Aff*S,  so  that  in  the  second  terra  of  tlie  formula,  2(4M*S,RS^)  it  may  bo 
able  to  take  the  place  of  the  deficient  Cu^S.  Since,  however,  silvcr-oxido 
iaomoqjhous  with  potash  and  soda  (I.  88),  this  halving  must  likewise 
extended  to  the  atoms  of  potassium  and  Kodiunij  a  change  which  would 
considerably  complicate  the  formulce  of  their  compounds. 
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coppBn, 


I*.  Alloy  op  Copper,  Iron,  awi>  Zinc— 80  j>t«.  tine,  I  pt  copper,  tod 
1  pt  cast-iron  from  SoreVs  JFhite  Brast,  This  alloy  has  the  upeet  iiui 
fraoturo  of  oniinary  zinc;  is  a.s  hard  as  copper  and  tougher  than  eMt-iron; 
may  he  turned^  filed,  and  hored;  and  doea  not  rust  even  in  damp  ait 

(Berthier,  Po^g.  52,  344,) 


G*  SiTtPeosTANNATE  OF  Iron  AND  CoppER. — Tin-pyrtiet, 
graTity  from  435  to  4*454;  hanlor  than  calcspar;  steel-grej  iDoliiiijqf  to 
ocaas-ycllow;  yields  a  black  powder, — When  strongly  ignited  apoa  A$i' 
ooalj  it  fuse^,  with  evolution  of  eulpluiroua  acid  and  formation  of  whi(» 
etanntc   oxide^    which  covers  the  asiiay  and  the   p^ts   of  tlie   dmieod 
nearest  to  it,  and  cannot  be  removed  by  continuing  the  bla^^t*     After  long 
roasting  on  the  charcoal,  it  yields  a  brittle  metallic  globule,  which  coloq^ 
fluxes  like  iron  and  copper.     Wheti  fxa^dy  after  continued  roaatin^,  vij^H 
a  mixture  of  carbonate  of  soda   and  borax,  it  yields  a  hard,  paJe  r^^ 
somewhat  brittle  globule  of  metal  (Berzelius.)     Nitric  aeid  dissolrei  it 
readily,  forming  a  blue  solution  and  separating  etaniiic  oxide  aad  eulphoi; 

Tiu'pyntea  from  Cornwall: 


At, 

Kudernatsch. 

Klaprotb* 

JolmiM 

Zn 

*                                          *4 

1-77      ... 

...       1011 

Fc 

2    . 

.      56     .. 

..     1302 

12-44      ,.. 

12-0 

1  79 

Cn -. 

4 

128     „ 

„     2977 

29*a9      .  . 

300 

."  •  ■  -J 

Sn  ...... 

2 

.     118     ,. 

..     27-44 

25*55       ..,. 

2C5 

i 

S 

8     ., 

.     128     .. 

..     29-77 

2964       ... 

30-5 

2[*"JJ 

ftfatrix 

1*02 

430 


100-00 


99*81 


990 


1(M)CM| 


2F0S,  SnS'-h  2  Cu*S,SnS^— According  to  Weissenbach,  tbo  Conuati  Tib> 
pyrites  contains  0'02  per  cent,  of  silver  and  2B  per  cent,  of  coppor;  *^* 
troni  Zinnwald,  0'017  p*  c.  silver  and  24'0  p.  0.  copper. 


Copper  axd  Cobalt« 


CoBAtToso-crpRTC  SuLPBATE. — Long,  oblique  rhombic  primfc,  J 
those  of  green  vitriol,  and  with  very  nearly  the  eani©  angl«a.  [Qp 
vitriol,  however,  contains  hut  7  atoms  of  water,  and  this^nlli 

10  atoniB.]     Dark  bottle-green  by  reflected,  but  rose- red  by  timii 

light;  has  an  astringent  metallic  taetOi  and  is  easily  soluble  in  waUr. 
(Liehig,  Schw,  47,  4y5.) 

2CoO  ..„.».... M.....v» — — -  ?*                1^'«S  ,_.  14  82 

CuO 40                   7  92 ?5«"1 

3S0*     „    ,    .„ 120  ...      23*76         ,.  23^  | 

30HQ , ^  270  ....      5317  .^^  &3-0I 

2(CuO,SO>  +  10Aq.)HKCaO,SO»-rlOAq.    505      .        100*00        9^71 

According  to  Mitscherlich,  Ibia  salt,  when  it  contains  an  excess  of 
sulphate,  has  the  form  of  green- vitriol  and  contains  7  atoms  of  w^t^f. 


COPPER  AND    NICKEL. 
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Copper  and  Nickel. 

A.  Alloy  op  Nickel  and  CoppHn. — Very  ©xteneible;  colour  in- 
cliuitig  to  wbite  in  proportion  to  the  <|uantitj  of  nickel.  According  to 
Geittjcr,  it  tarnisbes  by  expoi*ure  to  the  iiir  more  quickly  than  German 
silver, — A  small  quantity  of  copper  destroys  tbe  ma^^netic  power  of 
nickel,  bat  the  snmllest  addition  of  iron  restores  it,  (Erdmanii,  Schw, 
48,  138.) 

10  pt8.  copper  to  1  nickel:  pale  copper-red,  perfectly  ductile. — 10  pts. 
copper  to  2  nickel:  re ddisb- white* — 10  pta.  copper  to  3  nickel:  almost 
white. — 10  pts.  copper  to  4  nickel:  perfectly  white;  on  the  touchstone,  it 
exhibitfi  the  whiteness  of  silver.  (Frick.  JS'ehw,  48^  14L) 

Old  slags  from  disused  mines  at  Siihl  contain  white  granules  of  metal, 
which  are  now  extracted  and  sent  into  the  market  n.s  6'uhiian  A^iclel-sthfcr 
{Sutler  WeiMknpjh").  According  to  Brandes  {SchuK  31^,  lT)j  tlie  alloy 
tbua  obtained  is  compoaed  of  8  75  nickel,  88  copper,  0*75  sulpbiir  and 
antimony,  and  1*75  iron,  silica  and  alumina, 

B.  NiccoLO-cupRic  Sulphate.  —  When  l!io  proportion  of  cnpric 
sulphate  iw  comparatively  small,  tbe  crystals  of  this  t^alt  have  tbe  form  of 
green  vitriol  and  contain  7  atoms  of  water;  with  a  larger  quantity  of 
GLiprio  sulphate,  they  have  the  form  of  the  latter^  and  contain  5  atoms  of 
water  (Mitscherlich.)  —  The  crystals  examined  by  Brewster  ^  Fyfe 
{^chw.  33,  34.3),  contained  3D'5  nickel-oxide,  .v3  cupric  oxide,  2o*5 
sulphuric  acid,  and  29*7  water, — Brooke  (J?*n.  rhil.  23,  117)  obtained 
oblique  prismatic  crystals,  linving  the  form  of  Fiij,  83,  but  without  tbe 
«-faces;  i  :  u  or  u'  =  100°  15';  i  :/=  117'  30';  w'  :  u—  83^  30^  The 
aqueous  Sfdution  of  these  crystals  yielded  on  evaporation  and  cuolin^, 
first  crystals  of  blue  vitriol,  and  then  of  the  double  salt,  together  with 
crystals  of  rhombic  nickel-sulphate. 

C.  Sulphate   of    Cirpmc   Oxide,   Nickel-oxide,    axd   Potash, — 

Separates  from  tbe  mixed  solution  of  cuprico-potassic  sulphate,  and 
uiccolo-potassic  sulphate,  in  prisms  similar  to  those  of  tbe  ammonio- 
niagnesiun  sulphate.  Tbey  are  pale  green,  J^e^manont  in  the  air,  give  oil* 
water  and  assume  a  dingy  3'ellow  colour  when  lieatcd,  and  dissolve  in 
4  parts  of  water  but  not  in  alcohol.  (Bette,  Ann,  Fkarm,  14,  27t>.) 

(KO,  SO^  +  NjO,  so*  +  6AqO  +  (KO,  SO^  +  CuO,S03  +  OAq.) 


2KO 94  4 

NiO    37'u 

CuO 4U'0 

4S05    „....-. 1600 

VIWO  ...  108-0 


439'!» 


2l'4G  19*ri0 

9-09  875 

36^38  3582 

24-55  ........  26*25 

lOO'tHJ  99-12 


D.  Alloy'  op  Copper,  Nickel,  and  Zinc, — Nickfl^^htr^  Gtrtnan 
Silver,  White  Cnpper^  Packfomf  (or  pro{>erly  Packtong^  i,  e  .white  copper, 
according  to  Schott),  lYtmkitpftr,  N€usilhti\  Aifjeiitan,  MaUkchort, 

The  copper  and  nickel  are  first  melted  together  in  a  crucible,  and  the 
jsinc  then  adtled  in  pieces  previou.sly  heated.     Or  tbe  tUre^  isw^VaJt^^  \ti\^ 
i^tatoof  tine  division,  are  mixed  together  in  w  cYUcWAe ,  eo^Y^'^  ^"^^"^"^^  ^**^^*^ 
»t  top  ami  lit  boHotn — (he  whole  covered  wU\\  dvat^i^jiakX-'^viV?  ^^x , ^w\  ^ 
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it]  an  air  farna<?e  witli  a  strong  draught,  the  mixture  being  stirred  all  ibe 
while,  to  ensure  the  complete  solution  of  the  difficultly  fusible  nickel 
The  longer  and  the  more  completely  the  mixture  Is  fused,  the  more 
ductile  does  it  heoome:  part  of  the  zinc  burns  away.  (GersdorfiV  Po99* 

8,  loa) 

Propordom  of  Oie  materials, — a.  2  pts.  copper,  1  nickel,  1  zme; 
serves  for  spoona  an<l  forktf.^-6.  5  pts.  copper,  2  nickel,  2  dnc;  has  the 
colour  of  silver  alloyed  with  \  pt,  copper;  serves  for  knife  and  foA 
handles,  8iiuifers,  &e.— c,  3  pt'^.  copper,  I  nickel,  1  zliic;  this  proportion 
gi^ea  the  best  alloy  for  rolling.  Tie  addition  of  S  part§  of  lea*l  to  100 
pts.  of  the  mixture  <7,  or  of  2  ptd,  lead  to  100  parts  of  the  mixture  &, 
yields  an  alloy  adapted  fur  cast  articles^  snch  as  camllestieks,  epuni,  aud 
oells.  The  additions  of  2*5  pta*  of  iron  or  steel  to  100  parts  of  alloy 
renders  it  ranch  w Liter,  hut  likewise  harder  and  more  brittle;  the  iron 
must  he  previously  fiiacd  with  a  portion  of  the  copper,  under  a  layer  of 
charcoal' powder  in  tlie  blast  furnace,  and  then  meltetl  toj^ether  witli  the 
line  and  nickel  and  the  rest  of  the  copper.  (Gersdorff.) — d.  8  pts,  copper, 
3  nickel,  and  5  zinc  yield  very  good  nickel-diver.  (Frick.)  An  alloy  af 
10  pts.  copper,  1  nickel^  and  ,5  zinc  ha^  still  a  pale  yellow  colour;  thftt 
which  contains  10  copiier,  1  nickel,  and  7  zinc,  VGllowigb-white  and  less 
ductile  than  iL  (Frick.) — Larger  quantities  of  iron  do  not  enter  into 
combination  with  the  nickel-silver  ay  a  whole,  but  unite  with  part  of  the 
copper,  nickel,  and  carbon^  forming  ao  alloy  which  floats  like  drops  of  oil 
on  the  surface  of  the  nickel -silver.  (Erdmann.) 

Nickel-silver  has  a  crystalline  atrut-ture  when  solidified  from  fusion. 
It  must  therefore  bo  heutcd  to  dull  redness  and  cooled  again  completely, 
before  it  is  rolled  or  hammered;  when  once  the  crystalline  structure  hai 
been  destroyed,  the  alloy  may  be  worked  like  brass,  (Gersdorff*) 
Chineee  nickel-silver  may  bo  worked  even  at  a  dull  red  hea^  but  at  « 
stronger  heat,  it  flies  to  pieces  on  the  slightest  stroke  of  the  hammer. 
(Fyfe,  Edinh.  PhxL  J.  7,  69.)— Nickel-silver  is  harder  than  silver,  and 
eusceptiblo  of  a  high  polish.  Its  colour  approaches  that  of  silver,  but  if 
greyer.  A  mixture  of  1  pt.  oil  of  vitriol  and  7  parts  water  turns  it  wKilt 
when  boiled  with  it.  (Gersdorff.)— It  is  not  magnetic,  or  but  slightlv  so 
when  it  contains  a  certain  amount  of  iron*  It  fuses  at  a  bright  red  hc«t, 
the  zinc  burning  away  if  the  air  has  accesfcf  to  it.  When  exposed  to  tbi 
air,  it  acquires  a  Klight  yellow  tarnish.  When  immersed  in  vinegaf  il 
becomes  coated  with  verdigris,  only  at   those  parts  where  the  air  C 

likewise  act  upon  it    (Frick.)     In  vinegar  it  becomes  greenish  black; 

wine,  dark  brown;  in  solution  of  common  salt,  red-brown;  in  solution  d 
sal-ammoniac  or  tartaric  acid,  black  with  green  spots;  and  in  oxalic  acid« 
black.  (Darcet,  ./.  Phann,  23,  223.)  In  water  containing  j^  of  potaib- 
hydrate,  it  remains  bright.  (A.  Vogeh) 

AnaljfittM  qf  Cmtmtreiet.1  N^iekel^Silvir. 

Fyfc*       Smith.  0.  Hcary.  Darcet, 


OTHER  COMPOUNDS  OF  COPPER. 
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!  Chinese  Packfong,  of  specific  gravity  8*432. — 6.  English  nickel-silver, 
Bwhat  yellower  than  the  German. — c.  Parisian  Maillechort;  contains 
I  a  trace  of  arsenic,  which  remains  behind  when  the  alloy  is  dissolved 
itric  acid. — d  and  e.  From  unknown  sources. — -f,  g,  and  h.  English 
el-silver,  used  in  BimuDgham  for  articles  that  are  to  be  plated. — 
om  Sheffield,  distinguished  by  extraordinary  elasticity,  used  for  the 
kets  of  printing-presses. 

^American  Nickd-sUver, — 1  pt.  iron,  1  cobalt,  2  silver,  2  tin,  4  man- 
B,  24  nickel,  36  zinc,  and  96  copper.  (Haggenmacher,  J,  pr,  Ghem, 
88.) 

Other  Compounds  op  Copper. 

With  Mercury,  Silver,  Gold,  Platinum,  Palladium,  Rhodium,  Iridium, 
1  Osmium. 
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The  Cavendish  Society  was  instituted  for  the  promotion  of  Che- 
mistry and  its  allied  sciences,  by  the  diffusion  of  the  literature  of 
these  subjects.  The  Society  effects  its  object  by  the  translation  of 
recent  works  and  papers  of  merit ;  by  the  publication  of  valuable 
original  works  which  would  not  otherwise  be  printed,  from  the 
slender  chance  of  their  meeting  with  a  remunerative  sale ;  and  by 
the  occasional  republication  or  translation  of  such  ancient  or  earlier 
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be  1st  of  March  of  each  year. 

Membera  &te  admitted  oa  w^pfiimstAm  to  the  Genei^  or  Lool 
Secretaries,  and  contzibiLle  am  Annual  Suhseriptioii  of  Qoie  gaiiKm, 
which  entitles  them  to  a  copy  of  every  work  pahHdaed  by  the 
Society  for  the  period  doxhigr  which  their  membership  contiiiQ^^ 
Ihe  Dtmihex'  of  worfei  thus  puhliihed  will  nece^isarily  depend  ooi  thi 
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1S43, 

1,-^HEMTCAL   REPORTS    ANB   MEMOLfta.     £dit«d  by  Taqmam 
Qkah^,  FXS,    (Out  of  Priat.) 

— HAITD'BOOK  OF  CEBMISTHT.     By  Lson>u»  Ojiutir,     Ttrnm- 
lated  hy  HEiraY  Watts,  B.A.,  F.C^.    VoL  L 

3.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Qxunr.  Tol  H. 
4.— HANDBOOK  OF  CHEMISTRY.    By  Leopold  Omelki.    VoL  UL 
6.— THE    LIFE   AND  WORKS   OF  CAVENDISH.     By  Dr.  Geomi 

WlLS05. 

1850. 

6.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmelin.    VoL  IY. 

7.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmelut.    VoL  Y. 

1851. 

8.— PHYSIOLOGICAL    CHEMISTRY.      By    Professor     Lshxa5S. 
Translated  by  Gborqe  E.  Day,  M.D.,  F.R.S.    VoL  I. 

9.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelih.     VoL  VL 

The  sixth  volume  of  Gmelin's  Hand-lJook  of  Chemistry,  which 
will  be  ready  by  the  end  of  the  present  year  (1851),  concludes  the 
Inorganic  part  of  this  work.  The  part  relating  to  Organic  Che- 
mistry  will  be  immediately  proceeded  with. 


The  first  of  the  Society's  ptiblicatiotis,  the  volume  of  Chemical 
Reports  and  Memoirs,  being  out  of  print,  those  who  now  join  the 
Society,  and  desire  to  obtain  the  whole  of  Gmelin's  Chemistry,  are 
supplied  with  the  first  volume  on  payment  of  half  the  subs^ripiioii 
for  1848.  In  anticipation  of  a  continued  demand,  by  new  metb- 
bcrs  of  the  Society,  for  all  the  volumes  of  Qmelin's  standard  work, 
a  larger  number  was  printed  than  was  immediately  Required,  abd 
copies  still  remain  on  hand. 

Among  the  works  which  are  either  now  in  progress,  or  for  the 
publication  of  which  arrangements  are  being  made,  are— - 

The  second  and  third  volumes  of  Lehmank's  Physiological 
Chemistry,  translated  by  Da.  Day. 

The  Hand-Book  of  Chemistry,  by  Leopold  Gmelin.  (Organic 
Chemistry.) 

Bischof's  Elements  of  Chemical  and  Physical  Geology. 

The  Essays  of  Saussube,  together  with  abstracts  of  the  works 
of  Hales,  Ingenhousz,  Sennsbieb,  Wieomakk,  and  other  coti- 
temporaneous  writers  on  the  Chemistry  of  Vegetation. 

As  the  Council  have  no  other  available  means  of  meeting  the  lia- 
bilities  incurred  in  preparing  and  publishing  the  works  undertaken 
by  them  than  those  afibrded  by  the  subscriptions  of  the  Members, 
it  is  necessary  to  make  the  subscription  payable  in  advance,  and  to 
restrict  the  issue  of  books  to  those  members  only  whose  subscrip- 
tions have  been  paid  for  the  year  for  which  such  books  are  issued, 
in  accordance  with  the  original  laws  of  the  Society.  Any  devia- 
tion from  this  regulation  would  involve  a  complication  of  actSounts, 
which  would  greatly  increase  the  expenses  of  management. 

The  Council  do  not  undertake  to  defray  the  expense  of  convey- 
ing books  to  those  Members  not  resident  in  the  Metropolis,  except- 
ing where  several  volumes  can  be  sent  together  in  a  parcel;  and 
even  in  those  caseft  it  is  hope4  that  Members  will  promote  an 
economical  arrangement,  whenever  practicable,  by  having  the 
books  sent  in  booksellers'  parcels,  or  otherwise,  free  of  charge. 


\*  It  is  requested  that  all  communications  aAd  temittances  be 
either  addressed  directly  to  the  Secretary  in  London,  or  forwarded 
through  the  Local  Secretaries. 
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